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WILLIAM TITUS HORNE 
1876-1944 

T. E. Eawlins 

We were very sorry to learn of the death of Professor William Titus 
Horne on April 12, 1944. In his passing his former students and colleagues 
have lost one of their finest friends. 

Professor Horne was born November 8, 1876, in Kankakee, Illinois. He 
graduated from the University of Nebraska in 1898, and later had a year of 
graduate work at Columbia University. Prom 1904 to 1909 he was con- 
nected with the Agricultural Experiment Station of the Cuban Government, 
the last three years as Chief of the Division of Plant Pathology. In 1909 he 
joined the staff of the Plant Pathology Division of the University of Califor- 
nia at Berkeley where he took over the teaching of plant pathology and con- 
tinued this important work until 1928. During this period his keen interest 
in the welfare of his students encouraged many of them to take up plant 
pathology as a life work. While in Berkeley he and his students worked on 
a mimber of important and difficult problems. Among them were brown rot 
and virus diseases of stone fruits, strawberry virus diseases, olive diseases, 
Armillaria root rot and fig spoilage. Numerous important publications re- 
sulted from this work. 

In 1928 Professor Horne moved to the Citrus Experiment Station at 
Riverside, California, where he began research on diseases of the avocado 
and certain other subtropical fruits, a field in which he had always been 
particularly interested. He was also very successful in this endeavor as is 
indicated by his being honored with one of the first service medals presented 
by the California Avocado Society in 1939 and by his election to the presi- 
dency of the Pacific Division of the American Phytopathological Society in 
1938-39. During this period he made numerous contributions on the 
diseases of the avocado and other subtropical fruits. His bulletin, ^‘Avocado 
Diseases in Southern California,^’ is probably the most complete and reliable 
publication on avocado diseases and is a final excellent chapter in an out- 
standing life of service. 

He was author or co-author of the following publications : 

A new species of Lembosia {Lemhosia Bolfsii sp. iiov.). Bull. Torrey Bot. Club 32: 
69-71. 1905, 

El Minero de las bojas j otras plagas del cafeto. (Coffee leaf niinei* and other coffee 
pests.) In English and Spanish. Estae. Cent. Agron. Cuba Bull. 3. 1905. (With 

Mel. T. Cook.) 

Fumigation de las plantas eitricas. (Fumigation of citrus trees.) Bol. Olic. Sec. Agr. 
Indust, y Commer. Cuba 2(5) : 325. 1907. 

Eeport on the cocoanut disease known as bud rot or heart rot. Bol. Ofie. Sec. Agr. Cuba 
3(1): 1-5. 1907. 

Pudricion del Cogollo y otras enfermedades del cocotero en Cuba. (The bud rot and 
some other cocoanut troubles in Cuba.) Estac. Cent. Agron. Cuba Bull. 15. 1908. 

An injury to pine trees in Cuba, caused by Dioryetria Sp. and other Lepidoptera. Estac. 
Cent. Agron. Cuba Rpt. (1905-1909) (English Ed.) 2(2) : 147-149, 1909. Also 

in Spanish. (With J. S. Houser.) 

■ 
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The method of spreading of the olive knot disease. Phytopatli. 2: 101-105. 1912. 

(With Wm. B. Parker and Lyman L. Daines.) 

Pungus root rot. Monthly Bull. Com. Hort. Calif. 6: 216-225. 1912. 

The olive knot. Monthly Bull. Com. Hort. Calif. 1(9) : 592-600. 1912. 

Oak fungus disease of fruit trees. Monthly Bull. Com. Hort. Calif. 3: 275-282. 1914. 

Prevention of wood decay in fruit trees. Better Pruit 9 : 35-37. 1914. 

Some neglected features of wood decav in orchard trees. Univ. Calif. Jour. Agr. 20: 
65-67. 1914, 

Oak fungus or Armillaria mellea in conuection with nursery stock. Monthly Bull. Com. 
Hort. Calif. 4: 179-184. 1915. 

Wood decay in orchard trees. Calif. Agr. Exp. Stat. Circ. 137. 1915. 

Trench warfare against oak root fungus. Pacific Bural Press 95: 72. ’ January 19, 1918. 
Life history studies in Selerotinia, Mem. Torrey Bot. Club 17: 202-206. 1918. (With 

P. J. Seaver.) 

Apricot brown rot control. Univ. Calif. Jour. Agr. 6: 7, 24. 1920. 

Brown rot of apricots. Calif. Agr. Exp. Stat. Bui. 326: 71-88. 1921. (With W. L. 

Howard.) 

Plant disease and pest control. Calif. Agr. Exp. Stat. Circ. 227, 1921. (With E. 0. 
Essig.) 

A Phomopsis in grapefruit from the Isle of Pines, W. I., with notes on Diplodia natalensis. 
Phytopath. 12: 414-418. 1922. 

Bud dying of apricots. Calif. Agr. Exp. Stat. Kept. 1921-1922: 120. 1922. 

Strawberry troubles. Calif. Agr. Exp. Stat. Eept. 1921-1922: 122-J23. 1922. 

Citrus blast and black pit. Calif. Citrograph 6: 234. 1923. (With H. S. Pawcett and 
A. P. Camp.) 

Avocado fruit decays. Calif. Avocado Assn., Ept. 1925-1926: 96-99. 1926. 

Eesistance of peach hybrids to an obscure disease in southern California. Jour. Heredity 
17: 98-104. 1926. (With Geo. P. Weldon and E, B. Babcock.) 

Notes on fruit decays of the feijoa (Feijoa Sellowiana Berg.) Year Book Calif. Avocado 
Assn., Eept. 1927: 31-33. 1927. 
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Bacillus amylovorus (Burr.) Trev. U. S. Dept. Agr. Plant Disease Eeporter 12: 7. 
1928. 

The improved eastern blueberry in California. Madrono 1 : 179-183. 1928, 

Avocado anthracnose. Year Book Calif. Avocado Assn. 1929: 12-14. 1929. 

Carapace spots (avocado). Year Book Calif. Avocado Assn. 1929: 129. 1929. 

Avocado water injury. Year Book Calif. Avocado Assn. 1929 : 33-34. 1929. 

The avocado disease called sun-blotch. Phytopath. 21: 235-238. 1931. (With E. E. 

Parker.) 

^ ^ Buckskin, ' ’ a destructive graft-infectious disease of the cherry. Phytopath. 21: 
331-334. 1931. (With T. E. Eawlins.) 

The avocado sun-blotch disease. Monthly Bull. Calif. State Dept. Agr. 20: 447-454. 
1931. (With E. E. Parker.) 

Latest developments in avocado disease control. Year Book Calif. Avocado Assn. 1933: 
28-33. 1933. 

A mosaic of the fig in California. Phytopath. 23: 887-896. 1933. (With I. J. Condit.) 
Avocado diseases in Caliiornia. Calif. Agr. Exp. Stat. Bull. 585. 1934. 

The control of Dothiorella rot on avocado fruits. Calif. Agr. Exp. Stat. Bull. 594. 1935. 
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THE INFLUENCE OP FUNGI ON STORAGE, ON SEED VIABILITY 
AND SEEDLING VIGOR OP SOYBEANS^ 

Ian W . T E R V E T 
(Accepted for publication May 7, 1944) 

Except for the information given by Dickson (2), there are few pnb< 
lished reports on the occurrence of bacterial and fungus pathogens on soy- 
bean seed. Some fungi have been isolated from soybean meal, silage, or 
other products derived from soybeans. From moldy soybean cakes, species 
of Aspergillus, Penicillmm, Monilia, and Sphaerella were obtained (7), 
while ByssocMamys musticola Naoumoff and Kiryalava was isolated from 
nonaeid soybean silage (6). Eamstad and Geddes (8) report several fungi 
in soybeans damaged in storage, while Milner et al, (5) have shown that soy- 
beans injured by frost have more seeds infected by fungi, principally Alter- 
naria and Ftisarium, than uninjured seeds. 

Satisfactory storage of soybeans to avoid heating and spoilage requires, 
beside suitable storage conditions, that the beans be maintained at a low 
moisture content. Burlison et al. (1) have shown that deterioration of soy- 
bean seed in farm storage is most rapid when the seeds are allowed to absorb 
moisture, and potential germination decreases rapidly under such a con- 
dition. Eamstad and Geddes (8) also observed that the viability of soy- 
beans decreased rapidly under conditions favoring the growth of micro- 
organisms, and that soybeans suffered damage when stored at high moisture 
levels at room temperature, even though heating did not occur. 

The microflora was studied in soybean seed grown in 19 counties of 
Minnesota in 1942. Studies on the relation of fungi to heating and to 
viability of soybeans also were initiated. 

MICROFLORA OF FROST-INJURED SOYBEAN SEED 

Much of the soybean seed harvested in Minnesota in 1942 was injured 
by frost, the extent of the injury on different samples varying greatly. 
Many samples were green and shrivelled, the germination of the seed being 
generally poor. Surface-disinfected soybean seeds^ were plated on potato- 
dextrose agar. Frost-injured seeds were more likely to be infected by fungi 
and bacteria than nonin jured seeds. Alternaria predominated, with Fu- 
sarium next in frequency on the seeds. Aspergillus spp. occurred on occa- 

1 Paper No. 2161, Scientific Journal Series, Minnesota Agricultural Experiment Sta- 
tion, St. Paul. 

Cooperative investigations between the Division of Plant Pathology and Botany and 
Agricultural Biochemistry, The writer expresses his deep appreciation to Dr. W. P. 
Geddes and Mr. Max Milner, of the Division of Agricultural Biochemistry, for preparing 
many of the soybean samples, for supplying all of the moisture data as well as the results 
obtained in the adiabatic studies given in this report, and for their interest and enthusiasm 
during the course of the work. 

2 Seeds dipped in 70 per cent alcohol, immersed in mercuric chloride (1: 1000) for 
2 min., washed in water for 5 min., rinsed in calcium hypochlorite 1.3 per cent for not less 

than 5 min., then plated directly from the latter solution on agar plates. 

■' s' ■■ 
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sional samples, in one case 25 per cent of the seeds being infected. Bhizopm 
nigricans Ehr., Chaetomium sp.^ Cephalothecium roseum Corda, Tricho- 
derma viride (Pers.) Pr., and some nonsporulating fungi were found. Bac- 
teria were present in most severely shrivelled samples and not infrequently 
developed from seeds that yielded also Alternaria and Fusarium, Indeed, 
it was not uncommon for seeds to give rise to two different colonies of fungi, 
or a fungus and bacterium. A summary of the microflora analysis is in 
table 1, the seed samples being grouped on a regional basis. 

Two series of soybean samples combining seed lots with different per- 
centages of frost-injured seeds were analyzed for microflora and for the 
effect of seed treatment on the germination of the seeds. One set of samples 
was obtained from Illinois through the courtesy of the Eegional Soybean 
Laboratory, Peoria, Illinois; the second sample was of Minnesota origin. 
The Illinois samples were less severely injured by frost, and on the average 

TABLE 1. — The occurrence of microorganisms on soybean seeds injured by frost 


Origin. 

No. 

Percentage of soybean seeds ihf eeted 
by fungi and bacteria 

Erost- 

injured 

of 

samples 

of 

samples 

Sterile 

Alter- 

naria 

Fusa- 

rium 

Miscel- 

laneous 

fungi 

Bac- 

teria 

beans 

(per 

cent) 

South East 

45 

Av. 

35.9 

28.9 

19.0 

2.2 

16.0 

33.0 

Minnesota 


Range 

0-85 

9-53 

2-41 

0-12 

1-82 

i 4-78 

South West 

24 

Av. 

43.7 

33.2 

12.1 

1.6 

14.3 

22.3 

Minnesota 


Range 

2-88 

1-71 

0-44 • 

0-25 

0-65 

0-58 

Central 


Av. 

24.0 

56.3 

10.0 

0 

15.2 

40.3 

Minnesota 

1 

Range 

4-69 

29—81 

0-24 

0 

1-46 

8-67 


had fewer infected seeds. AUernaria was the most common fungus in the 
Minnesota samples, Fusarium being less abundant; in the Illinois samples 
Alternaria dULdi Fusarium were found in equal amounts (Table 2). A non- 
sporulating fungus, resembling that mentioned by Johnson and Koehler (4), 
was commonly associated with a purple spotting on seeds from the Illinois 
samples. The number of seeds free from infection decreased as the per- 
centage of frost-injured seeds increased. Germination of the seeds varied 
with the extent of frost injury, the lots with least injury germinating better 
than those with more injured seeds. Treatment of the seeds with maximum 
adhesive dosage of Arasan, 50 per cent tetramethylthiuram disulphide, con- 
sistently increased the total stand and the percentage of vigorous plants 
as measured by the number of seedlings with expanded first leaves. 

THE MICROPLORA OP SOYBEANS IN RELATION TO LOSS IN VIABILITY AND 
HEATING OP SOYBEANS 

Soybeans with a high moisture content heat rapidly in storage and at 
the same time the respiration of the sample also is accelerated. It has been 
suggested that microorganisms play an important part in the high respira- 
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tory rates associated with heating (8), but no detailed analysis of the micro- 
flora of high-moisture-content beans during storage is available. Attempts 
were made to determine the changes in microflora associated with increasing 
moisture content of the beans and with increasing storage temperatures. 

The Minnesota lot of soybeans, with 55 per cent frost damage (Table 2), 
had a moisture content of 6.6 per cent after storage at 2° C. for 2 months. 
A sample of this lot of beans was conditioned to 17.6 per cent moisture con- 
tent by placing the seeds in a humidifying chamber at room temperature 
for 4 weeks, the seeds then being stored at 2° C. for 5 days, and thereafter 
placed in a Dewar flask. The seeds were very moldy after 1 month’s storage 


TABLE 2. — The microflora of frost-injured soybeans and the value of seed treatment 
in improving germination 


Seed 
source 
and frost 
damage 
(per cent) 

Percentage seeds infected witli fungi 
and bacteria 

Seeds treated 
•witli Arasan 

Seeds not 
treated 

Sterile 

Alter- 

naria 

Fu- 

sarium 

Miscel- 

laneous 

fungi 

Bac- 

teria 

Seeds 

germi- 

nat- 

ing 

Plants 

with 

first 

leaves 

ex- 

panded 

Seeds 

germi- 

nating 

Plants 

with 

first 

leaves 

ex- 

panded 







Fct, 

Fct. 

Fct. 

Fct. 

Minnesota 










10.3 

70 

25 

1 

la 

3 

62 

94 

54 

89 

13.3 

77 

18 

5 

0 

0 

51 

94 

41 

88 

21.0 

50 

30 

8 

la 

1 

52 

87 

39 

77 

21.0 

50 

20 

6 

0 

24 

33 

79 

26 

73 

26.0 

49 

27 

11 

0 

13 

28 

93 

20 

85 

41.0 

42 

39 

3 

la 

15 

23 

87 

14 

71 

55.0 

27 

40 

8 

2a 

23 

6 

67 

1 

0 

Illinois 










3.3 

85 

'0 'i 

4 

2b 

9 

81 

97 

75 

95 

6.4 

93 

6 

1 

0 

0 

80 

92 

73 

96 

7,5 

77 

6 

0 

2 

15 

69 

91 

63 

92 

10.5 

56 

10 

0 

2 

32 

59 

92 

48 

90 

12.3 

84 

1 

15 

0 

0 

60 

87 

44 

84 

18.0 

57 

12 

25 

0 

6 

46 

87 

31 

84 


a Mhimpus sp., Chaetomium sp., Aspergillus sp. 
b ISTonsporulating fungus. 


in a hnmidifier. Two hundred surface-disinfected seeds were plated on 
potato-dextrose agar. Only 6 per cent of the seeds were free from internal 
fungi, as opposed to 27 per cent sterile seeds in the lot with a moisture con- 
tent of 6.6 per cent. Also, 66 per cent of the high-moisture-content seeds 
gave rise to Aspergillus spp.^ as opposed to 1 per cent in the low-moisture 
seeds, a very great increase in the prevalence of this fungus at the expense 
of other fungi and bacteria. 

The seeds in the Dewar flasks were allowed to undergo adiabatic heating 
in an apparatus similar to that described by Ramstad and Geddes (8). In 
21 days the temperature rose to 46.9^ C. from an initial temperature of 
22^^ C. The beans were then brown and free from superficial mold growth. 
These seeds were surface-disinfected and plated on potato-dextrose agar, and 
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98 per cent were free from internal fungi, while 2 per een.t produced colonies 
of bacteria. 

Samples of 1942 Illinois soybeans with an initial moisture content of 6.51 
per cent were conditioned to a higher moisture level by placing them in a 
humidifier. When the seeds reached a moisture content of 8.65 per cent 
after 4 days in the humidifier a sample was removed and placed in a refrig- 
erator at 2® C., where it remained for 6^ weeks, until the storage experiments 
were begun. The rest of the seeds were kept in the humidifier for 30 days, 
their moisture content at the end of that time being 12.95 per cent. These 
seeds were then kept at 2"^ C. for 3 weeks. A sample was removed, sprinkled 
with water, thoroughly shaken and replaced in the refrigerator for 2 days, 


TABLE 3 . — The effect of adiabatic aeratecl storage on the micro flora and viability 
of soybeans 


Moisture 
content 
of seeds 

Storage 

tempera- 

ture 

Ho. 

days ill 
adia- 
[ batie 
stor- 
age 

Microflora of seeds 

Seeds treated 
with Arasan 

Seeds not 
treated 

Sterile 

Asper- 

gillus 

Misc. 

fungia 

Seeds 

germi- 

nating 

Plants 

with 

first 

leaves 

ex- 

panded 

Seeds 

germi- 

nating 

Plants 

with 

first 

leaves 

ex- 

panded 

Pet, 

Degrees, C, 





Pet. 

Pet. 

Pet. 

Pot. 

6.51 


0 

97 

0 

3 

95 

92 

93 

76 

8.65 


0 

97 

0 

3 

95 

98 

92 

89 

12.95 


!' 0 

91 

4 

! ■ 5' 

85 

82 

71 

11 

21.2 


0 

89 

3 

8 

86 

78 

78 ! 

4 

( i 

29.4 

3 

84 

5 

11 

72 

78 

73 

12 

c c 

37.05 

5 

73 

17 

10 

68 

78 

52 

48 

({ 

44.4 

7 

36 

53 

11 

41 

37 

30 

17 

£ i 

49.3 

8 

60 

36 

4 

0 

0 

0 

0 

£ £ 

53.7 

10 

84 

14 

2 

0 

0 

0 

0 

£ £ 

55.1 

12 

87 

11 

2 

0 

0 

0 

0 

C £ 

54.9 

13 

91 

4 

5 

0 

0 

0 

0 

£ ( 

59.7 

15 

100 

0 

0 

0 

0 

0 

0 

£ £ 

67.3 

17 

100 

0 

0 

0 

0 

0 

0 

£ £ 

77.0 

19 

100 

0 

0 

0 

0 

0 

0 


a Mainly Chaetomium sp,, Gephalothechm roseum, BMzopiis nigricans, Cunningham- 
cUa eohinulata, and Penicillium sp. 


the final moisture content of the seeds of this sample being 21.2 per cent. 
Pour samples with moisture levels varying from 6.51 to 21.2 per cent (Table 
3) were obtained by these methods. Plating of 200 seeds of each of these 
samples on potato-dextrose agar, after surface disinfection, showed that the 
higher-moisture samples had slightly more infected seeds than the low- 
moisture samples. 

Ten lots of beans with a moisture content of 21.2 per cent were placed 
in bottles of approximately 300 ec. capacity, about 100 g. of beans in each 
bottle. These samples were then placed in the adiabatic storage chamber. 
The bottles and flask were continuously aerated, approximately 8 liters of 
air per 24 hours at start of experiment, the air being passed through a 
humidifying solution in order to maintain the anoisture content in the seeds. 
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At intervals (Table 3) bottles of soybeans were removed from storage 
and tbe beans immediately analyzed for mieroflora and tested for viability. 
Two hundred seeds were plated, and duplicate 100-seed rows of nontreated 
seeds and of seeds treated with the maximum-adhesion dose of Arasan were 
planted in sand in a greenhouse at 70° F. Stand counts were made 10 days 
after planting. 


Fig. 1. Effect of seed treatment on stand and vigor of soybean seed lots. A. Plants 
from low-moisture-content seeds (6.51 per cent), treated with Arasan (T) and untreated 
(XJ). B. Plants from Mgh-moisture-content seeds (21.2 per cent) treated with Arasan 
(T) and untreated (U). 


The beans heated rapidly, a temperature of 37.05° C. being reached in 
5 days, and 49.3° C. in 8 days, with a maximum of 77.0° C. after 19 days. 
During the first week in storage, the percentage of noninfeeted seeds de- 
creased from 89 per cent at room temperature (±: 22° C.) to 36 per cent at 
44.4° C. Coincident with the rise in temperature, the number of seeds in- 
fected with Aspergillus spp. increased rapidly from 5 per cent at room tem- 
perature to a maximum of 53 per cent at 44.4° C. Beans sampled on the 
8th day of storage, when the temperature had reached 49.3° C., had fewer 
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infected seeds; and by the 15th day at a temperature of 59.7^ C. no fungi 
were found. At the favorable temperature, the predominant fungi were 
Aspergillus species, the following group species (9) being most common: 
A. glaucus, A, flavus^ and A. ochraceus, while A. niger and A. fumigatus 
were less frequently found. Several other fungi were also present on the 
seeds — Cephalothecium roseum Corda, Gunninghamella echinulata Thaxter, 
Bhizopus nigricans Ehr., Chaetomium sp. and Penicillium sp. 

The viability of seeds decreased with increased moisture content of the 
seed and with rising temperature in storage. Seeds with moisture contents 
of 6.51 and 8.65 per cent germinated above 90 per cent, with 76 and 89 per 
cent respectively of the seedlings producing their first leaves within 10 days 
of planting (Table 3) . At a moisture content of 12.95 per cent, 71 per cent 
of the seeds germinated but only 11 per cent of the plants were vigorous. 
At 21.2 per cent moisture, 78 per cent of the seeds germinated, but only 
4 per cent of the seedlings had produced first leaves 12 days after planting. 
Treatment of this high-moisture-content seed with the maximum-adhesion 
dose of Arasan increased the germination to 86 per cent and the number of 
seedlings with first leaves to 78 per cent (Pig. 1). The viability of seed 
stored in the adiabatic respirometer decreased rapidly, from 78 per cent at 
the beginning of storage to 30 per cent at the end of 7 days, and 0 per cent 
on the 8th day and thereafter. The seeds in storage generally gave rise to 
stunted plants, except one lot that had been stored for 5 days and in which 
48 per cent of the seedlings were vigorous. The reasons for the occurrence 
of such a high proportion of vigorous plants in this single sample were not 
determined, but it is possible that the variability of results could be con- 
sidered as experimental error, although the duplicated rows of seedlings 
were very similar. 

In general, applications of the maximum-adhesion dosage of Arasan to 
the seeds just prior to planting increased the total stand and resulted in a 
marked decrease in the percentage of stunted plants, indication that the 
poor development of the seedlings was due to the presence of microorgan- 
isms on the seed (Table 3 and Pig. 1). 

EFFECT OF HIGH MOISTURE CONTENT ON THE MICROFLORA AND VIABILITY 

OF SOYBEANS 

Three samples of 1942 Minsoy soybeans were conditioned to different 
moisture contents by adding water to the air-dried beans, thereafter fre- 
quently shaking the samples. The beans were stored at room temperature 
in quart jars with tight-fitting lids, each jar containing 1 lb. of seeds. The 
moisture contents of the beans after conditioning were 7.9, 13.3, and 20.4 
per cent, respectively. t 

Six days after the water had been added, 200 seeds of each lot of beans 
were plated on potato-dextrose agar after surface disinfection, and dupli- 
cated 100-seed rows of seed from each sample, untreated and treated with 
the maximum-adhesion load of Arasan, were planted in sand in a greenhouse 
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at 70° F. Similar tests were made 13, 25, and 34 days after the initiation 
of the experiment. The low moisture sample remained fairly constant 
throughout the storage period, no major changes occurring in the mieroflora. 
"While some fluctuation in the percentage germination was apparent, the 
differences were not excessive and probably resulted from variations in 
greenhouse conditions. The microflora of the second soybean s am ple, held 
at 13.3 per cent moisture content, did not change greatly during the first 
days, hut after 34 days bacterial count was high. Germination of this 
sample decreased during the storage period, varying from 64 per cent after 
6 days’ storage to 29 per cent after 34 days. In contrast, the high moisture 
sample changed materially during storage in the number of infected seeds 



Fig. 2. ^ Mieroflora of soybean seed. A. High-moisture-eontent seed with Aspergillus 
spp. predominant. B. Low-moisture-eontent seed with Alternaria sp, predominant. 


present and in the marked decrease in viability of the seeds. The number of 
non-inf eeted seeds decreased from 64 per cent after 6 days’ storage to 1 per 
cent after 34 days’ storage. Species of Aspergillus and Penicillium were 
obtained most frequently from infected seeds, about two-thirds of such seeds 
producing Aspergillus spp., principally A. glaucus, A, ochraceus and J.. 
flavus, while one-third of these seeds were infected with Penicillium sp. (Fig. 
2), Germination dropped rapidly, from 46 per cent after 6 days’ storage 
to 2 per cent after 34 days. Seed treatment increased the stand (Table 4). 


FUNGI IN RELATION TO LOSS IN VIABILITY OP SOYBEAN SEED 

Many fungi were obtained in the mieroflora studies; and a survey of 
their effects on the viability of soybeans was made. Isolates of Aspergillus 
flavus, A. ochraceus, A. glaucus (5 distinct isolates), A. fumigatus, and 3 un- 
identified species ot Aspergillus, Penicillium sp., Alternaria sp., Chaeiomium 
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TABLE 4 . — Changes m microflora and viaMUty of Mmsoy soybean seeds resulting 
from storage of seeds at different moisture contents 


Microflora, 1 
seed viability, 
and seedling 
vigor 

Moisture content of beans and number days in storage 

7.9 per cent . 

13.3 per cent 

20.4 per cent 

6 

13 

25 

34 

6 

13 

'25' 

34 

6 

13 1 

25 

34 


Microflora Percentages of seeds infected with microorganisms 


Sterile 

68 

72 

77 

71 

79 

66 

67 

44 

64 

16 

7 

1 

Alternaria ... 
Aspergillus 

22 

18 

16 

14 

10 

16 

20 

14 

23 

12 

17 

25 

and Teni- 
cillium 

0 

0 

0 

1 

1 

6 

1 

1 

2 

65 

74 

68 

Bacteria 

4 

5 

7 

14 

6 

4 

12 

41 

5 , 

0 

0 

6 

Misc. fungi .. 

6 

5 

0 

0 

4 

9 

0 

0 

6 

8 

2 

0 


Seed viability Percentages of seeds germinating 


No treatment | 
Arasan- 

73 

60 

1 

67 1 

53 

64 

54 

46 

29 

46 

18 ' 

13 

2 

treated seed 

74 

58 

76 

70 

61 

59 

66 

37 

57 

50 

20 

5 


Seedling vigor Percentages of plants with first leaves expanded 


No treatment 
Arasan- 

93 

93 

88 

89 

95 

83 

63 

84 

87 J 

72 

23 

0 

treated seed 

95 

86 

92 

95 

90 

88 

83 

85 

93 

86 

25 

10 


sp,^ Cephalothecmm roseum, CtinningJiamella echimilaia^ and Fusarmm sp.^ 
were grown on potato-dextrose broth, 35 cc. of media in 100-cc. bottles, and 
on potato-dextrose agar in Petri dishes. After 10 days’ incubation, the 
mycelial mats were removed from the broth cultures, and 15 ce. of the cul- 
ture media placed in sterile Petri dishes containing 100 Illini soybean seeds. 


TABLE 5 . — The influence of Aspergillus spores and staled culture media on the 
germination and vigor of Illini soybeans; notes talcen 7 days after planting 


Fungus 

Seeds soaked in staled culture 
mediaa 

Seeds soaked in spore 
suspension^' 

24-hr. soak 

48-hr. soak 

24-hr. soak 

48-hr. soak 

Seeds 

germi- 

nating 

Plants 
with 1st 
leaves 
ex- 
panded 

Seeds 

germi- 

nating 

Plants 
with 1st 
leaves 
ex- 
panded 

Seeds 

germi- 

nating 

Plants 
with 1st 
leaves 
ex- 
panded 

Seeds 

germi- 

nating 

Plants 
with 1st 
leaves 
ex- 
panded 


Pet, 

Pet. 

Pet 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

A, flavus 

15 

0 

0 

0 

36 

0 

2 

0 

A, ochraeeus ...... 

26 

42 

37 

5- 

78 

86 

64 

84 

A, glaucus No. 5 

84 

90 

79 

80 

77 

84 

60 

83 

A. glaucus No. 10 1 

86 

87 

74 

77 

78 

85 

j." 67 /■ 

91 

A. fumigatus i 

82 

82 

85 

84 

77 

84 

S' 72 

82 

A. niger 

■ ■ ■ 2., 

0 

0 

0 

50 

68 

'47 . 

55 

None (cheek) ...... 

74 

85 

74 

88 

72 

83 

1 m 

88 


a Por the check, seeds were soaked in sterile potato-dextrose broth, 
Por the check, seeds were soaked in sterile distilled water. 
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The seeds remained in the liquid for 24- and 48-hour periods, after whieh 
duplicate rows, 100 seeds to the row, were planted in sand in a greenhouse 
at 70° F. Petri-dish cultures were washed with 35 cc. sterile water, and 15 
ce. of the spore suspension so obtained was placed in sterile Petri dishes con- 
taining 100 mini soybeans, the beans being left in this spore suspension for 
24 or 48 hours before planting. Seeds soaked in sterUe broth served as con- 
trols for the culture-media test and seeds soaked in sterile water furnished 
the controls for the spore suspensions. 


TABLE 6. — The influence of spores and staled culture media of Aspergillus fiavus 
and A. niger on the viaMUty and vigor of Illini soybeans 



Aspergillus fiavus 

Aspergillus niger 


Seeds not 

Seeds treated 

Seeds not 

Seeds treated 


treated 

with Arasan 

treated 

with Arasan 

Treatment 


Plants 


Plants 


Plants 


Plants 

Seeds 

with 

first 

Seeds 

with 

first 

Seeds 

with 

first 

Seeds 

with 

first 


germi- 

nating 

leaves 

ex- 

germi- 

nating 

leaves 

ex- 

germi- 

nating 

leaves 

ex- 

germi- 

nating 

leaves 

ex- 



panded 


panded 


panded 


I panded 


1 Pet. 

Pci. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Busted with 
spores 

Soaked 12 hr. 

\ 91 

61 

i 

96 

98 

88 

89 

90 

88 

ill spore 
suspension 

66 

36 

76 

79 

64 

67 

80 

73 

Soaked 12 hr. 









in sterile 

distilled 

water 

65 

81 

i 

69 

80 

70 

69 

75 

68 

Soaked 12 hr. 









in staled 
culture 
medium ... 

49 

0 

56 

0 

59 

71 

67 

57 

Soaked 12 hr. 









in sterile 
potato-dex- 
trose broth 

78 

83 

74 

88 

72 

81 

74 

76 

None 

90 

91 

96 

94 

88 

91 

90 

89 


Only tlie culture media in which Aspergillus fiavus, A. ochraceus, and 
A. niger heid been grown affected seed germination appreciably, while of the 
spore suspensions only that from A. fiavus affected the stand and vigor of 
the seedlings, although A, niger reduced the germination (Table 5). A 
severe stunting of seedlings resulted from treatment of the seed with the 
staled culture medium on which A. fiavus had grown. Treatment of seed 
with a spore suspension of A. fiavus also resulted in stunted seedlings. In 
addition to the reduced seedling vigor, poorer stands resulted from treat- 
ment of seed with spores of A. fiavus and with the staled culture medium on 
which this fungus had grown. Thomas (10), working with filtrates of sev- 
eral fungi, obtained similar results on wheat. He found that strains of 
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A. flavus produced in culture media a toxic product that reduced the via- 
bility of wheat seed. 

A more detailed test was made of the effects of Aspergillus flavus and 
A. niger. Cultures of the fungi were grown on potato-dextrose broth and 
agar, and after . 5 days the inoculated potato-dextrose broth was passed 
through filter paper after removal of the mycelial mat. Seeds were soaked 
in the filtered culture medium and in a spore suspension of the fungi for 12 
hours. Although the filtration did not remove all spores from the broth, 
the number of spores present in comparison to that in the spore suspension 
Avas very small. The seeds were then placed between filter paper to remove 
excess moisture. Other seeds were dusted with spores of the fungi, by 




Pig. 3. Effect of Aspergillus flavus and A, niger on seedling development of soy- 
beans. A. Prom seeds dusted with spores of A, flavus. The cotyledons are large and 
somewhat swollen while the plumule is greatly retarded in its growth. B. Prom non- 
inoculated seeds. C. Prom seeds soaked for 12 hours in liquid medium on which A. niger 
had grown. The seedlings are stunted but development of the plumule has not been 
retarded. 


placing 100 seeds on a profusely sporulating culture in a Petri dish. For 
controls, seeds were soaked in sterile broth and in sterile water. Seeds from 
each of these lots, after having been dried on filter paper, were treated with 
the maximum-adhesion dose of Arasan ; and duplicate 100-seed rows were 
planted in sand in a greenhouse at 70° F. immediately after treatment. 

The results were similar to those obtained earlier with Aspergillus flavus, 
but the staled culture medium of A. niger, while reducing germination, did 
not give such pronounced results as in the previous experiment (Table 6) . 
However, the fungi were grown for only 5 days in broth, and the seeds 
were soaked in the staled culture medium for 12 hours in contrast with the 
earlier soakings of 24 and 48 hours. Seeds dusted with spores of A. flavus 
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gave rise to seedlings that were abnormal. These plants were tall and the 
percentage germination excellent, but the production of the first leaves 
lagged behind those of the check, the plants resembling very closely the weak 
seedlings shown in figure 1. Moreover, there was a tendency for the cotyle- 
dons to remain full size, or even increase their size, while at the same time 
they retained their dark green color. Seedlings of the same age from seeds 
inoculated with dry spores of A. flavus and then treated with Arasan grew 
normally, a strong plumule being formed in two weeks, the cotyledons by 
then beginning to shrivel and turn yellow (Fig. 3). 

Only 49 per cent of the seeds germinated after soaking for 12 hours in 
staled culture medium of A. flavus, and all of the seedlings were stunted. 
Treatment of the seed with Arasan increased germination slightly, but the 
seedlings were still dwarfed. Somewhat higher germination (66 per cent) 
occurred after the seeds were soaked in the "spore suspension of A. flavus 
and 36 per cent of these seedlings were normal. Seed treatment increased 
the stand to 76 per cent, and 79 per cent of the seedlings were normal. It 
is evident also that soaking of seeds in sterile water, as Byster (3) earlier 
showed with soybeans, or sterile broth for 12 hours prior to planting reduces 
the stand. 

Further tests with Aspergillus flavus, A. nig er, and A. ochraceus showed 
that the spores of A. flavus alone affected the vigor of soybean seedlings, 
while seeds covered with spores of A. niger and A. ochraceus produced nor- 
mal seedlings*. 

DISCUSSION 

The results show definitely that microorganisms, especially fungi belong- 
ing to the genus Aspergillus, are important in the loss of viability of soy- 
beans in storage and probably are responsible for much of the heating of 
soybeans up to temperatures of 40-45° C. Seeds with a high moisture con- 
tent, 13 per cent and up, become moldy when stored at room temperatures, 
and many of the seeds are infected with Aspergillus spp. High-moisture 
samples of soybeans, stored under conditions of increasing temperature, also 
have increasing numbers of seeds internally infected with Aspergillus spp. 
The number of infected seeds reached a maximum at about 45° C. and 
diminished at higher temperatures, until at 60° C. no seeds were found 
infected by fungi or bacteria. The close association of changes in the com- 
position of the seed flora with rising temperature indicates that fungi, espe- 
cially Aspergillus spp. are responsible for much of the heating. It is prob- 
able that the respiratory activities of these microorganisms contribute much 
to the high respiration rates observed by Ramstad and Geddes (8) in soy- 
beans stored at moderately high temperatures. 

Soaking seeds in filtered culture media on which species of fungi isolated 
from soybean seed had grown demonstrated the sharp specificity of 3 species 
ot Aspergillus (A. flavus, A. niger, and A. ochraceus) in causing abnormal 
seedling development, while 11 other fungi, including Alternaria and Fu- 
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sanim spp., had no effect on seed germination. In addition, seeds dusted 
with spores of A. flavus gave rise to seedlings in which the plumule of many 
plants developed very slowly, producing retarded seedlings. However, 
spores of A. niger or A. ochraceiis had no effect on seed germination or on 
seedling vigor. It is possible that spores of A. flavus developed on moldy 
soybeans in storage could be spread to uninjured seed, resulting in the de- 
velopment of weak seedlings from such seed. Fungicidal treatment of the 
seed dusted with spores of A. flavus counteracted the effect of the fungus 
spores, permitting normal seedlings to develop. 

SUMMARY 

A survey of the mieroflora of soybean seeds from Central and Southern 
Minnesota in 1942 showed that Alternaria spp. were most frequently found, 
with Fusarium spp. and bacteria next in frequency. The percentage of 

seeds infected with fungi and bacteria increased in proportion to the frost 
injury. 

_ The percentage of seeds infected by fungi, especially Aspergillus spp., 
increased as the moisture content of soybean seeds increased, while the 
viability and vigor of the bigh-moisture-content seeds, above about 13 per 
cent, rapidly decreased. 

The percentage of seeds infected with Aspergillus spp. increased as the 
temperatures under which the seeds were stored increased. The maximum 

number of infected seeds was found at about 45° C., while at 60° C. no seeds 
were infected. 

Aspergillus flavus, A. ochraceus, and A. glaucus predominated on in- 
fected seeds, while A. niger and A. fumigaius were less frequently found. 
Uphalothecvum roseum, RUzopus nigricans, Cunninghamella echinulata, 
Chaetomium sp., and Penicillium spp. were also obtained from soybean seed. 

^ bevere retardation in seedling growth resulted from storage conditions 
favoring development of Aspergillus spp. but fungicidal treatment of the 
seed improved the vigor and stand of the plants. Spores of A. flmus dusted 
on soybean seeds resulted in the retarded development of seedlings, while 
spores of A. mger, A. ochraceus or of any other fungus obtained from soy- 
bean seed caused no abnormal seedling development. 

University Farm, 

:St. Paul, Minn. . 
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EESISTANCE TO SEPTOEIA LEAF SPOT AND ITS INHEEITANCE 

IN TOMATOES" 

C. F. Andrus and G . B. Reynards 
(Accepted for publication July 10, 1944) 

INTRODUCTION 

Tlie leaf spot caused hj Septoria ly coper sici Speg. Las been one of the 
most injurious foliage diseases of tomatoes (Lycopersicon esculentum Mill.) 
particularly in eastern and central United States. Under circumstances most 
favorable for its development, it is capable of causing complete defoliation. 
An important degree of resistance to Septoria leaf spot, virtually unknown 
previous to 1941, bas been discovered in a number of wild types of Lycopersi- 
con by several independent observers (1, 4, 5, 6, 9), and breeding work has 
advanced to the point where control of the disease in commercial varieties 
seems definitely attainable. The present paper records the results of work 
at the Southeastern Eegional Vegetable Breeding Laboratory on Septoria 
resistance and its inheritance. The v^ork represents one part of an exten- 
sive program for the control of tomato diseases by plant breeding. 

METHODS 

The culture of Septoria ly coper sici used in this work was isolated in 1941 
from tomato leaves received from Dr. B. B. Higgins, Experiment, Georgia. 
The culture sporulates copiously on cooked bean pods. Figure 1 shows the 
semi-liquid masses of spores exuded from pycnidia on the bean pod. 

Inoculum was prepared by macerating the sporulating cultures on cooked 
bean pods in an electric blender (2) for 2 minutes, then diluting with several 
volumes of water according to the strength of inoculum desired. Such inocu- 
lum contains, in addition to spores, large numbers of mycelial fragments on 
and imbedded in the cooked bean tissues. The strength of the inoculum had 
no effect on the character of the individual lesions; a very strong inoculum, 
however, produced multiple lesions whose coalescence caused early death and 
abscission of the leaves even on plants with the highest degree of resistance. 
Generally the desirable strength of inoculum for test purposes was that 
which produced lesions comparable in abundance to the infected leaves 
shown in figure 2. 

Inoculation was accomplished by dipping the foliage of potted plants 
momentarily into a vessel of inoculum and then keeping them for 48 hours 
in glass-covered infection chambers in the greenhouse. The plants usually 
were 28 days from date of seeding, and ranged in height from 5 to 8 inches. 
Ordinarily a single series of inoculations involved about 1000 plants, which 
approximated the capacity of the infection ehambers. In the inheritance 

1 Contribution No. 42 from U, S. Vegetable Breeding Laboratory, Charleston, S. C. 

2 Pathologist and Assistant Geneticist, respectively, Division of Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agri- 
cultural Research Administration, United States Department of Agriculture. 
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studj^ samples of each parental type were included in each series of 1000 
plants. 

Leaf -spot readings were made on the seventh day after inoculation. 
Plants Avere graded both on the amount of injury and the character of the 
individual lesions developed upon them. The amount of injury varied with 
the temperature, strength of inoculum, and duration of time in the infection 
chamber ; the characteristics of individual lesions, however, remained rela- 
tively constant. Later in the inheritance study, character of lesion was used 
as the sole basis of classification, and for this purpose only two types were 
recognized, A and B, as illustrated in figure 2. 



Fig. 1. Culture of Septoria lycopersici on sterilized cooked bean pods. Left, sterile 
bean pod; Eight, richly sporulating growth of Septoria. x 1. 

Type A is the familiar Septoria leaf spot, evenly round, diameter 2 to 4 
millimeters, with light-colored center usually containing from few to several 
black dots which are the pycnidia. 

Type B lesion is definitely restricted, often pin-point in size and seldom 
more than 1 millimeter in diameter, dark reddish brown, and containing few 
or no pycnidia. Occasionally a leaf with type B lesions will also bear a few 
lesions up to 2 millimeters in diameter with light-colored centers, which are 
definitely intermediate between types A and B. An intermediate reaction 
of this type may suggest the behavior, of a heterozygous genotype, but in the 
greenhouse studies the proportion of plants with the intermediate reaction 
was small and did not seem to correspond with any genotypic class. 

In addition to the greenhouse inoculations, there was opportunity in 1942 
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and 1943 to observe plant reactions in the field following natural dissemina- 
tion of Septoria. All of the inheritance data, however, are based on con- 
trolled inoculations in the gTeenhouse. 


RESISTANCE TO SEPTORIA IN COMMERCIAL AND WILD TYPES OP 
LYCOPERSICON 

Several attempts have been made by plant breeders to develop varieties 
with resistance to Septoria leaf spot and a few commercial types have been 
introduced which were claimed to possess some degree of resistance to the 
disease (3, 8) . Variety tests in the gTeenhouse at this laboratory have failed 


Pig. 2. Septoria lycopersici lesions on tomato leaves. Left, Type A lesions as they 
appear on susceptible commercial varieties ; Bight, Type B restricted lesions as they occur 
on resistant selection M6. xl. 

to demonstrate Septoria resistance in any commercial tomato. All of 127 
commercial varieties tested by inoculation were highly susceptible. 

In addition to the commercial varieties, this laboratory has tested by 
inoculation 267 accessions of Lycopersicon received through the Division of 
Plant Exploration and Introduction of this Bureau. None of these were 
immune to Septoria, hut 12 possessed some degree of resistance, usually 
represented by rather small lesions intermediate between types A and B. 
None of the 12 were of the commercial L. esmlentum type ; 10 of them on the 
basis of fruit and foliage characteristics were judged to have resulted from 
outcrossing of L, esculentiim with primitive types, either the currant tomato 
or the cherry tomato ; and 2 were knowm to be of L. Mrsutum ancestry. Cer- 
tain other accessions ol L. hmtiUm Humb. and Bonpl. and i. peruviamm 
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(L.) Mill, were observed in the field to possess an important degree of resis- 
tance to Septoria. Our greenhouse observations on the resistance in wild 
types conform also to the field observations of Alexander (1) ; hence it is 
likely that any tomato resistant in the greenhouse will retain all or much of 
its resistance in the field. 

Alexander (1) recorded evidence of resistance to Septoria leaf spot 
among 488 tomato introductions from the Division of Plant Exploration and 
Introduction. His data indicate that 67 of the 488 lines possessed some 
degree of resistance, but only 4 of the 67 approached the commercial types 
of Lycopersicon esculentiim in fruit characters. The majority of the resis- 
tant lines belonged to the generally uncultivated species, L. peruvianum, L. 
glmididosiim C. H. Mull., L. Mrsiitum, L. pimpinellifolium (Jusl.) Mill,, 
and some not easily identified types possibly representing interspecific 
crosses. He found the highest degree of resistance in L. hirsutum. 

Locke (6) also found some lines of Lycopersicon hirsutum to be highly 
resistant to Septoria, and the resistance appeared to be dominant in crosses 
with L. esculefituM. Several L. esculentum x hirsutum hybrids supplied by 
Dr. R. E. Lincoln of the Indiana Agricultural Experiment Station have been 
inoculated at the Vegetable Breeding Laboratory and found to possess a very 
significant degree of resistance to Septoria. These lines, however, tend to be 
semi-sterile and have not been used in further breeding work. 

The source of Septoria resistance used in heritance studies at the Vege- 
table Breeding Laboratory was a single plant selection derived from segre- 
gating lines of the Australian variety Targinnie Red. This variety appar- 
ently had become admixed with natural out-crosses so that many segregants 
were definitely non-esculentum in type. The Septoria-resistant segregant, 
called M6, w^as roughly intermediate between a currant and a cherry tomato 
in type of fruit and foliage. It proved to be completely fertile in crosses 
with commercial tomatoes. The Septoria resistance in M6 is equal in degree 
and apparently identical in type with that found in the best lines of Lyco- 
persicon hirsutum. 

The original Septoria-resistant segregant proved to be segregating in 
respect to resistance to Fusarium wilt (Fusarium oxysporum f. lycopersici 
(Sacc.) Snyder & Hansen), collar rot {Alternaria solani {Ell. and Q. 
Martin) Jones and Grout), leaf mold {Cladosporium fulvum Cke.), and gray 
leaf spot {Stemphylmm solani Weber) in addition to Septoria leaf spot. By 
continued selections certain lines were isolated which possessed a high degree 
of resistance to all five of these important diseases. 

Breeding work with the Septoria-resistant tomato has advanced several 
generations. Original crosses were made in 1942 with the varieties Rutgers 
and Victor. True baekerosses were made to the original susceptible parents, 
and in addition the Fa progenies were out-crossed with the varieties Mar- 
globe, Indiana Marglobe, Gulf State Market, Montgomery, Stokesdale, and 
Pan America. Much breeding w^ork remains to be done, yet the attainment 
of an important degree of Septoria resistance in commercial varieties seems 
probable. 
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INHERITANCE OP RESISTANCE TO SEPTORIA, IN FIRST, SECOND, AND 
THIRD FILIAL GENERATIONS 

First generation hybrids from resistant x susceptible crosses were repre- 
sented by four Pi plants, all of which were resistant to Sepioria. 

Second generation hybrids were represented by iO populations from 
crosses of M 6 (the Septoria-resistant tomato) with the susceptible varieties, 
Rutgers and Victor (Table 1). Deviations from a 3; 1 ratio were significant 
in 2 samples, which is slightly greater than expectancy. The combined Pa 
ratio (709R to 207S) conforms very well with a calculated 3 : 1 ratio. By 
elimination of one sample of 29 plants the heterogeneity chi-square is low 
enough that the remaining populations can be combined satisfactorily. The 
15 resistant plants in this separate sample are being grown for further study. 


TABLE 1 . — Inheritance of Septoria resistance in ten populations from resis- 
tant X snsceptihle tomato crosses 


Gross - 

No. of plants 

x" 

(3:1) 

Total 

Eesistaiit 

Susceptible 

M6x Eutgers 

122 

98 

24 

1.847 


256 

205 

51 

3.521 

M6 X Victor 

29 

15 

14 

8.379** 


61 

46 

15 

0.005 


81 

57 

24 

0.926 


■ 22 ■ 

17 

5 

0.061 


23 

19 

4 

0.709 


44 

30 

14 

1.091 

M6-13X Victor 

179 

137 

42 

0.225 


99 

85 

14 

6.226* 





21.990 


916 

709 

207 

2.818 



Heterogeneity x® (9 B.E.) = 19.172* 


* Significant at 5 per cent level. 
** Significant at 1 per cent level. 


Data for the third generation are confined to 26 families representing 
progeny of 26 plants classified ‘^resistant’’ in F 2 . According to the single 
factor hypothesis the Fa resistant plants should prove to be either segre- 
gating or homozygons-resistant in the proportion of 2: 1. This expectation 
was approximated, since of the 26 families, 18 were segregating (heterozy- 
gous) and 8 were resistant (homozygous). 

The 3 : 1 type of inheritance is further indicated by the combined ratio 
within the 18 segregating F 3 populations, none of which deviated signifi- 
cantly from the 3 : 1 ratio (Table 2 ) . 

C.I.assification of the plants was extremely simple; they fell into one of 
two reaction classes— either with the restricted type of lesion characteristic 
of the resistant parent (Fig. 2, right) or with the much larger light-centered 
lesion characteristic of most susceptible varieties (Fig. 2, left). No inter- 
mediate grades of plant reaction were distinguishable and dominance of the 
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TABLE 2. InheritciTice of Septoria resistance in IS segregating tomato families 


factoi’ for resistance seemed to be complete. Individual lesions of an inter- 
mediate type occurred infrequently on resistant plants, but the reaction of 
the plant as a whole was clearly either resistant or susceptible. 


INHERITANCE OP RESISTANCE TO SEPTORIA IN BACKCROSSES TO THE 
SUSCEPTIBLE GENOTYPE 

According to the single factor hypothesis, with resistance dominant over 
susceptibility, backcrosses to the susceptible parent should give progenies 

TABLE 3 . — Inheritance of resistance to Septoria in hacTccrosses to susceptihle 
tomato varieties 


a To a genotype identical with an original parent with respect to factors under study. 


Cross 

No. of plants 

T' 

Total 

Resistant 

Susceptible 

(3:1) 

M6x Rutgers 19 

17 

2 

2.123 

19 

13 

6 

0.439 

18 

11 

7 

1.852 

13 

9 

4 

0.231 

18 

14 

4 

0.074 

16 

12 

4 

0.000 

17 

10 

7 

2.373 

16 

13 

3 

0.333 

15 

8 

7 

3.756 

12 

9 

3 

0.000 

16 

12 

4 

1 0.000 

M6x Victor 19 

11 

8 

2.965 

18 

14 

4 

0.074 

15 

10 

5 

0.556 

19 

15 

4 

0.158 

18 

13 

5 

0.074 

17 

13 

4 

0.020 

12 

10 

2 

0.444 




15.469 

307 

224 

83 

0.678 


Heterogeneity yf (17 D.P.) = 14.791 



No. of populations 


Cross 

Total 

Segregating 

Homozygous 

susceptible 

X 

(1:1) 

A. True backcrosses: 





(M6 X Rutgers) x Rutgers 

10 

5 

5 

0.000 

(M6 X Victor) x Victor 

10 

2 

8 

3.600 

B. Pseudo-backcrosses : a 





(M6 X Rutgers) X Gulf State 

8 

4 

4 

0.000 

\ ^ X Montgomery 

15 

9 

6 

0.600 

xPhn America 

16 

7 

9 

1.000 

(M6 X Victor) X Indiana Marglobe 

6 

3 

3 

0.000 

X Pan America 

, ,7 

3 

4 

0.143 





5.343 


72 

33 

39 

0.500 



Heterogeneity yf (6 B.P.) 

^ =4.843 
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one-half of which should be susceptible and one-half segregating (heterozy- 
gous). This expectation was nearly realized with 20 true backeross popula- 
tions and 52 pseudo-backcross^ populations (Table 3). None of the devi- 
ations from a 1 : 1 ratio are significant. The backeross of the Pi to the resis- 


TABLE 4. — Inheritance of Septoria resistance in S3 segregating haclccross tomato 
populations 


Cross 

No. of plants 

x" 

(3:1) 

Total 

Resistant 

Susceptible 

(M6 X Rutgers) x Rutgers 

70 

52 

18 

0.019 

(18)a 

(8) 

(10) 



54 

32 

22 

7.136** 


53 

39 

14 

0.057 


36 

29 

7 

j 0.593 

(M6 X Victor) x Victor 

17 

11 

6 

0.961 

19 

14 

5 

0.018 

Grulf State x (M6 x Rutgers) 

52 

42 

10 

0.923 

52 

40 

12 

0.103 


(49) a 

(15) 

(34) 



53 

43 

10 

1.063 

Montgomery X (M6 x Rutgers) 

61 

43 

18 

0.661 

82 

66 

16 

1.317 


36 

26 

10 

0.148 


20 

17 

3 

1.067 


80 

58 

22 

0.267 


88 

59 

29 

2.970 


54 

38 

16 

0.617 


54 

42 

12 

0.222 


95 

72 

23 

0.032 

(M6 X Rutgers) x Pan America 

81 

57 

24 

0.926 


75 

55 

20 

0.111 


82 

61 

21 

0.016 


74 

55 

19 

0.018 


(55)a 

(14) 

(41) 



60 

41 

19 

1.422 


79 

57 

22 

0.342 

Indiana Marglobe x (M6 x Victor) 

19 

17 

2 

2.123 


18 

12 

6 

0.667 


19 

14 

5 

0.018 

(M6 X Victor) x Pan America 

18 

13 

5 

0.074 


36 

29 

rj 

0.593 


36 

24 

12 

1.333 





25.817 


1573 

I 

1158 

leterogeneity 

415 

■ t (29 D.E. 

1.604 
) =24.213 


« Omitted from the final computation. 
Significant at the 1 per cent level. 


taut parent offered no advantage from a liorticnltural standpoint, hence such 
crosses were not made. 

Of the 33 segregating backeross populations, 3 deviated excessively from 
a 3:1 ratio (Table 4). The segregation in 2 of these populations in fact 
approximated a 1: 3 ratio. The suggestion of reversal of dominance, how- 

3 The El crossed to a genotype identical with an original parent with respect to 
f act oi's under study. 
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ever^ is hardly to be considered in view of evidence for a 3 : 1 type of inheri- 
tance supplied by the gTeat majority of the data in Table 4 and elsewhere. 
It is believed that the 3 exceptional populations either represent true but 
exceptional deviations from a 3 : 1 ratio or are the result of error in handling 
seed stocks. Differentiation of the two reaction types was again very sharply 
defined and no miselassification is involved. Resistant plants from the devi- 
ating populations were saved for further study. 

DISCUSSION 

A study of plant disease resistance based on observations made in the 
greenhouse usually raises the (question of the extent to which indoor reac- 
tions conform to those that will occur in the field. Generally the agreement 
between field and greenhouse observations in vegetable plant disease studies 
has been very close. A few exceptions, however, have been reported and the 
present instance of resistance to Septoria leaf spot of tomatoes may be 
another. Locke (6) and the present writers, on the basis of indoor studies 
in each ease, find Septoria resistance to be dominant in inheritance. Wright 
and Lincoln (9) and Lincoln (5) on the basis of field observations, found 
vsuch resistance to be recessive. In the latter investigations, however, the 
authors considered there was some question as to the validity of their hybrid 
material which involved a cross of L. periwimium var. humifusum (C. H. 
Mull.) with L. esculentum. 

The apparent disagreement in respect to dominance of Septoria resis- 
tance may suggest lack of conformity between indoor and outdoor observa- 
tions or it may suggest that dilferent genetic factors are involved in the 
several crosses. On the other hand, neither of these apparent conclusions 
may be warranted. Our own observations, both in the field and greenhouse, 
reveal a close general agreement in Septoria reaction. Selected lines that 
produced the restricted type of lesion indoors produced them likewise in the 
field, but in addition the older leaves near the base of the stem bore somewhat 
larger lesions in the field, often with a few pycnidia. This reaction of older 
leaves tends to escape observation in greenhouse tests where young plants 
are used exclusively. In the field the presence of any lesions with pycnidia 
may lead one to classify the plant as fully susceptible, especially since the 
restricted lesions which distinguish the resistant plant may be obscured by 
other pathological conditions usually present on field-grown plants. 

Considering the nature of the disease and the method of dissemination 
of the causal organism, it is probable that an intermediate degree of resis- 
tance, such as is revealed in these studies, will be greatly increased in value 
when plants possessing it are grown in solid stands more or less isolated from 
fully susceptible plants. The near-by susceptible plants are a prolific source 
of spores which produce many restricted lesions on the resistant plants; 
coalescence of many such lesions causes a degree of injury that would not 
occur where the source of reinfection is limited to plants of the resistant 
type. Thus the circumstances surrounding a field study of disease resistance 
are apt to result in an unfair evaluation of the resistance potentialities of 
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a plants and for this reason alone one should not overlook the value of indoor 
studies v^here many factors are under at least some measure of control. 

Pegardless of the ultimate value of the degree of resistance to Sex)ioria 
described herein, the restricted lesion characteristic is highly distinct and so 
far as is known it represents the highest degree of resistance to Septoria 
available in the genus Lycopersicon. This restricted lesion character is in- 
herited as a single factor and is clearly dominant over full susceptibility. 
The symbols Se se {Beptoria) are suggested to distinguish them from the 
symbols 8 s for simple inflorescence and Sp sp for self -topping as listed by 
MacArthur (7). Little is known concerning the linkages of the factor Se se, 
but parallel studies now under way indicate that it is independent of the 
factors for resistance to wilt {Fiisarium oxysponmi f. lycopersici) and to 
gmj (Stemphylnim solani). 

SUMMARY 

All of 127 commercial varieties of tomatoes tested by inoculation were 
highly susceptible to leaf spot caused by Se^pioria lycopersici. Some degree 
of resistance to Septoria was found in 12 of 267 accessions of foreign origin. 
These 12 were known to be of Lycopersicon hirsntnm or L. pertmanum 
ancestry, or their characteristics definitely indicated outcrossing with some 
wild type. 

The highest degree of resistance is characterized by a restricted type of 
lesion much smaller than normal and bearing few or no pycnidia. 

Inheritance studies of crosses of commercial varieties with Septoria-resis- 
tant lines were made on 916 P 2 and on 3630 F 3 and backcross plants involv- 
ing 70 populations. 

Septoria resistance as represented by the restricted type of lesion (symbol 
Se se) is shown to be inherited as a dominant single factor. 

U. S. Department op Agriculture, 

Southeastern Regional Vegetable Breeding Laboratory, 
Charleston, S. C. 
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INHERITANCE OP RESISTANCE TO THE COLLAR-ROT PHASE 
OP ALTERNARIA SOLANI ON TOMATO^ 

George B. Eeynard andC. F. Andruss 
(Accepted for publication July 10, 1944) 

INTEODUCTION 

In Ell OEilici pEpci (3) it wes shown thEt rcsistEnco to tlio collEr-rot 
phEse of AUermria solmii (Ell. End MErt.) Jones End Grout, wes present 
in severEl species, vErieties, End selected lines of toiuEto {Ly coper sicon 
spp.). It WES eIso suggested tliEt the control of this diseEse might be effec- 
tively EpproEched through pkiit breeding. In the process of breeding e 
commereiElly desirEble, resistEiit vEriety, severul crosses were niEde between 
lines which were either cleErly resistEiit or clearly susceptible to collar rot. 
Second geiieration seedlings from these crosses showed segregation for 
resistance. These facts led to a study of the inheritance of this resistance, 
both as an aid in determining the most appropriate crossing procedures 
and as an addition to the knowledge of hereditarj^ factors in the tomato. 
This paper records the results of the inheritance study. 

METHODS 

Tomato plants to be used as parents were grown in a screened green- 
house where all original crosses were made. Three types of crosses were 
made : resistant x susceptible, resistant x resistant, and susceptible x suscep- 
tible. In the first type, two sets of reciprocal crosses were analyzed. The 
Pi was crossed where possible to one or both parents or to parents appar- 
ently identical with the original lines in collar-rot reaction. Second and 
third generation plants were for the most part field-grown. Occasional indi- 
vidual h 3 ^brids from the latter were ‘'off type'' for their respective popu- 
lations, indicating uncontrolled outcrossing in the field, and were discarded 
for the genetic studA^ 

The classification of all parent lines and h^^brids was made on seedlings 
grown and inoculated as described previously (3), and the same strain of 
AlUrnana used in the earlier work was used here. The varieties Devon 
Surprize and Bonny Best also were inoculated with each series of plants 
tested, as resistant and susceptible checks respectively. In addition, unin- 
oculated seedlings of Bonn}^ Best were included as a check for the presence 
of interfering organisms possibly present in the soil of the inoculation bench. 

_ 4 Contribution No. 41, a report of work performed at the IT. S. Eegional Yegetable 

Breeding Laboratory, Charleston, S. C., chiefly under a'n allotment from the Special Be- 
search Fund authorized by Title I of the Bankhead- Jones Act of June 29, 1935. 

2 Assistant Geneticist and Pathologist, respectively, Division of Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agri- 
cultural Besearch Administration, United States Department of Agriculture. 

The authors wish to express their indebtedness to Mr. Hans Jorgensen, assistant sei- 
eiitific aide, and Miss Mary Cele Smith, Jr. scientific aide, for assistance in handling the 
plants and in compilation of the data involved in this study. 

25 


26 


Phytopathology 


[VoL. 35 


Previous experience in grading- collar-rot severity had shown that a wide 
range of reactions might be expected in segregating lines. The five arbitrary 
infection classes (Pig. 1) established, the description of each, and the 
numerical index assigned, w-ere as follows : 


Infection 
class 
I 
II 

III 

IV 
V 


Description 


Numerical 

index 


Dead 

Bent: seedling alive but broken over at collar lesion 
Intermediate : erect but with well-developed collar lesion 
Healed : with shallow or definitely healed lesion 
Dree: no collar lesion, or only minute points of infection 



' ') , _ . 

S:' • H 


rii . IV 


Pia. 1. Tomato seedlings illustrating the five arbitrary classes of collar-rot reaction: 
I, Dead; II, Bent; III, Intermediate; IV, Healed; and V, Free. 

To get the eollar-rot rating* for any given line, the number of seedlings 
falling* in each class was multiplied by the respective index of that class and 
the sum of the five products divided by the total number of seedlings inocu- 
lated' Thus low ratings indicated collar-rot susceptibility and high ones, 
collar-rot resistance. 

GENERAL RESULTS 

Collar rot developed abundantly in each series of inoculations. Devon 
Surprize maintained its resistance and Bonny Best its susceptibility. There 
was some difference in the severity of the disease developing in the different 
series, but the results of the inoculations were taken as recorded without 
any adjustment of the original method of classification. 

In order to establish the grouping of the five infection classes most likely 
to represent genetie groupings, two sets of inoculations were analyzed. The 
first included Fi seedlings and parents from ten crosses of resistant x sus- 
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ceptible lines. The results are in table 1. The mean rating of the nine dif- 
ferent susceptible parents was 16.4 and of the resistant parents, represented 
by ten samples from Devon Surprize, was 86.1. The range of ratings ob- 
served, from 4.3 to 34.0 in the former and from 79.8 to 98.4 in the latter, 
illustrates the variations in reaction usually found in separate tests but also 
shows the sharp differentiation of susceptible and resistant lines. The Pi 
ratings were higher than those of the respective susceptible parents in each 
ease and the mean Pi rating, 37.0, was clearly intermediate between the two 
mean parental ratings. In crosses 1 and 10, the Pi ratings were not sig- 
nificantly higher than the ratings of the respective susceptible parents, but 


TABLE 1. — Collar-rot reaction of parents and of E, progenies in ten crosses, 
resistant X susceptible 


Cross 

No. 


Collar-rot ratings 


Parentage^ 

Res. 

parent 

Suse. 

parents 

N, 

L.S.D.d 

1 

Devon Surprize x P.I. 126, 

452b 

81.8 

■22.7 

28.2 

7.9 

2 

Devon Surprize xP,, (V.B.L. 
245c X Marglobe) 

79.8 

6.9 

18.8 

8.4 

3 

Devon Surprize x Montgomery 

88.7 

16.9 

35.6 

8.5 

4 

Devon Surprize X Marglobe 

82.2 

17.3 

50.0 

9.2 

0 

Marglobe x Devon Surprize 
(reeiproeal of cross No. 4) 

98.4 

18.4 

42.1 

11.9 

6 

P 4 (V.B.L. 245 x Marglobe) x 
Devon Surprize 

86.0 

8.0 

52.3 

19.1 

7 

P 4 (V.B.L. 245 X Marglobe) X 
Devon Surprize 

93.8 

34.0 

53.6 

10.2 

8 

Red Cherry X Devon Surprize 

80.2 

4.3 

25.0 

15.9 

9 

Red Pear A x Devon Surprize 

89.2 

17.7 

31.4 

10.3 

10 

Red Pear Bx Devon Surprise 

81.1 

18.1 

32.9 

17.9 


Mean of ten ratings and its 
standard error 

86.1 ± 2.0 

, 16.4 ± 2.7 

37.0 + 3.8 

10.5 


a In these and other crosses, the female parent is listed first. 

b P.I, numbers refer to introductions by the Division of Plant Exploration and Intro- 
duction of the Bureau of Plant Industry, Soils, and Agricultural Engineering. 

a Regional Vegetable Breeding Laboratory selection (Red Currant tomato x Mar- 
globe). 

Least significant difference at 5 per cent point between ratings of respective sus- 
ceptible parents and Pi. 

later experience with these crosses did not indicate that they differed geneti- 
I cally from the other crosses. 

The intermediate reaction of the seedlings in a heterozygous condition, 
approaching the reaction of collar-rot-snsceptible parents, suggests that 
susceptibility to collar rot is incompletely dominant over resistance. 

The second set of inoculations used in establishing the most probable 
genetic groupings of collar-rot infection classes involved second and third 
generation plants. In the spinng of 1942, random samples of Pg seedlings 
from five crosses of resistant x susceptible lines (Nos. 3, 4, 5, 8, and 10, 
Table 1) were inoculated. All degrees of resistance and susceptibility ap- 
peared. After being graded and separated into the five established classes, 


L 


28 


Phytopathology 


[VoL. 35 


representatives of the four living classes were transplanted to the field. 
A total of 371 of these plants lived and reached maturity. Seed was col- 
lected from individual plants and the P 3 seedlings inoculated. The results 
are in table 2 . 

Of the four collar-rot classes assigned to the F 2 seedlings, represented 
in the first column of table 2 , classes IV and V were the most nearly alike 
in their proportions of resistant, segregating, and susceptible F 3 families 
produced. The mean ratings of the two groups of Fg families, 73.5 and 
76.0, did not differ significantly, and it was evident that the F 2 seedlings 
assigned to these two classes were largely resistant since four-fifths of thehi 
(165 in 208) had uniformly resistant progenies. 


reaction of families from inoculated and classified F- vlants 
from eight crosses, resistant x susceptible j!. piunis 


‘^2 


Fej families from classified Fs plants 

Collar-rot 

classification 

No. of 
seedlings 

Collar-rot reaction 

Collar-rot 
ratings of 
all families 

No. of families 

Uniformly 

resistant 

Segre- 

gating 

Uniformly 

susceptible 

Mean rating 
and stand- 
ard error 

II, Bent 

III, Intermediate.. 

IV, Healed 

V, Free 

25 

138 

99 

109 

0 ' 
15 

79 

86 

14 

99 

20 

23 

11 

24 

0 

0 

25.5 + 4.32 

38.5 + 2.11 

73.5 + 2.14 
76.0 + 6.95 


In contrast to the similarity of classes IV and V, the reactions of F 3 
^ ami les from seedlings classed II and III were significantly different. This 
IS particularly true since all three types of reaction appeared from class III 
p ants and only two from those in class II. The mean ratings of all families 
rom e wo groups, 38.5 and 25.5, respectively, also differed signifieantlv. 
the sharper difference between the ratings of families from classes III and 
IV gives support to the establishment of a dividing line between these two 
arbitrarily assigned degrees of collar-rot severity. 

f^gregating Fa families from the 208 F^ seedlings graded 
or ree indicated that they were not all homozygous for collar- 
rot teolstoce, or, in otlier wordo, the grading system ™s not infallible fir 
eveiT indmdMl seedling. For this reason genetic analysis based on collar 

n°ot hTrc?abl 6 “rt*''' resistant x snsceptible lines would 

ro retoTae iett. t"” ! , IP" “><1 P. families, but 

to rely on the latter for cntieal genetic analysis. 

In the first set of inoculations, involving Fi plants, seedlings of Devon 

siTnTe'las^s^sTut ^" V, the two most re- 

testvJf n ° were found in class III. Eepeated progeny 

S talf ral totC' in l^^ve invariably indicated 

equal to that m progeny tests of seedlings put in classes IV and 


1945] Eetnard and Andrus: Alternaria-resistant Tomato 29 

tTue Of ot.eT eollar-rot- 

sionally gave a small proportion of tbetZdlZ's in 

IV and Y. Progeny tests of tliP« . the resistant classes, 

suggesting that during the inoeulatim iiidieated susceptibility, 

infection. moculation, occasional seedlings have escaped 

prize in collL-r^ot'LIetbn TOrrclfsfeed^^^^^ that resembled Devon Sur- 

majority of inoculated seedlings were assigned "to 

a minority in class III. Lines resembling Ly of a mmberTf^"'^ ^ ""to 
varieties such as Marglobe Ruto-ers nr- cjtT f f ^ commercial 

were considered susceptible. Inoculated seedlL^ ^ reaction 

were put largely in classes I and II with some i^ class IlV^T 

rarely were any in classes IV or V Lines wbiVT. ® ™ only very 

- “ihs !:zt 

RESISTANT X SUSCEPTIBLE CROSSES 

enJmZ"ZlZrTZ"—ZT‘'‘"^ “■‘"-‘-resist... p». 

encs (uevon burpnze, Targmnie Eed, and a selection from PI 127 8991 
and several eollar-rot-susceptible parents The results ^ ‘ 
moculattas a.. F. seedli..^ ““ 

TABLE 5.— Collar-rot reaction of F, seedlinat imm, ir 

. y J^.ieeamgsfrom 15 crosses, resistant x susceptm 


Cross 

No 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 


Parentage 


Devon Surprize X P.I. 126,452 
Devon Surprize x P4 (L. pimpi' 

nelli folium x Marglobe) 

Devon Surprize x Montgomery 

Devon Surprize x Marglobe 

Eeciprocal of cross No. 4 

Beeiproeal of cross No. 2 I.III” 
P3 (D. pimpinelUfoUumx MsiV- ' 

globe) X Devon Surprise 

Eed Cherry x Devon Surprize ... 
Bed Pear No. 415 x Devon Sur- 
prize 

Bed Pear No. 414 x Devon Sur- 
prize 

Targinnie Bed x Montgomery 

Devon Surprize x Victor 

Beeiprocal of cross No. 12 ............ 

Vetomold X Devon Surprize . 
Marglobe x P.I. 127,833 


No. inoculated 



seedlings 



Total 

Infection class 

x\ 

3:1 

1,11, III 

IV, V 


263 

208 

55 

2.343 

180 

150 

30 

6.667* 

174 

130 

44 

0.031 

695 

539 

156 

2.418 

465 

350 

115 

0.018 

148 

119 

29 

2.306 

182 

134 

48 

' 0.183 

478 

356 

122 

0.070 

248 

182 

66 

0.344 

460 

335 

125 

1.159 

337 

241 

96 

2.185 

51 

36 

15 

0.529 

46 

131 

37 

105 

9 

26 

0.725 

1.855 

221 

154 

67 

3.332 




24.165 

4,079 

3,076 

Heterogeat 

1,003 1 

3ity 

0.367 

23.798^ 


Significant beyond the 5 per cent point. 
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In each cross seedlings appeared in at least four of the collar-rot classes, 
and in most crosses in all five classes, indicating unquestionable segre- 
gation for resistance. The numbers of seedlings classified ‘ ‘ IV, V, ^ ’ were 
found to be roughly one-fourth of the total number inoculated. This is 
also indicated by the relatively low chi-square values obtained for a 3 : 1 
ratio, only one exceeding the 3.841 required for a significant deviation at the 
5 per cent point. The excess number of seedlings in this exceptional cross. 
No. 2, occurred in the more susceptible classes. This deviation in one out 
of 15 crosses is not considered unusual in view of the experience regarding 
occasional misclassification of individual seedlings. The heterogeneity chi- 
square value, barely significant at the 5 per cent point, was reduced to non- 
significance by omitting this cross, and the accumulated chi-square value 
of 0.367 indicated a very close fit to the assumed ratio. 

From five of the crosses. Fa populations were grown to maturity and seed 
saved from individual plants at random. The collar-rot reactions of 251 
families from the five crosses are in table 4. A total of 5,496 seedlings was 
classified in determining the reaction of the 251 families. Variations were 


TABLE 4. — Collar-rot reaction of 261 families talcen at random from five crosses, 
resistant x susceptible 


Cross 

No. 

Parentage 


O 

d 

3 families 


1: 2:1 

Total 

Suscep- 

tible 

Segre- 

gating 

Resis- 

tant 

4 

Devon Surprize x Marglobe 

47 

12 

26 

9 

0.915 

5 

Marglobe X Devon Surprize 

65 

10 

38 

17 

3.369 

10 

1 Red Pear X Devon Surprize j 

46 

15 

21 

10 

1.391 

14 

Vetomold X Devon Surprize 

47 

15 

22 

10 

1.255 

15 

Marglobe X P.I. 127,833 ! 

46 

6 

27 

13 

3.478 


i 





10.408 



251 

58 

134 

59 

1.159 


i 

1 


Heterogeneity %- 

9.249 


found in the proportions of the three classifications but none deviated sig- 
nificantly from a 1 : 2 : 1 ratio as was shown by the chi-square values, none 
of which exceeded 5.991. The non-significant heterogeneity chi-square value 
indicated that the segregation was essentially the same in each of the five 
crosses. 

RESISTANT X RESISTANT CROSSES 

Four crosses were made involving parents classified as collar-rot re- 
sistant. The results of the inoculations of these crosses in the first and 
second generations and of two of the crosses in the third generation are in 
section A of table 5. All seedlings in the first and second generations of 
all crosses were resistant. In crosses No. 41 and 43, a total of 78 Fs families 
were uniformly resistant with the exception of one segregating family in 
cross No. 43. All ratings were over 50, the lowest being 59 for the Fi in 
cross No. 42. 
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In this and related studies, segregating populations have occasionally 
appeared in lines thought to be uniformly resistant. In some instances this 
has been traced to field crossing. Although no supporting data are at hand, 
the presence of one segregating P 3 family in a resistant x resistant cross 
(cross No. 43, Table 5) is thought to be due to chance pollination of a re- 
sistant P 2 plant in the field by one of several collar-rot-suseeptible plants 
growing in the field at the same time. The possibility of other factors affect- 
ing collar-rot resistance is not, of course, excluded. 

SUSCEPTIBLE X SUSCEPTIBLE CROSSES 

Seven crosses were made involving parents classified as collar-rot sus- 
ceptible. The results of the inoculations of these are in section B of table 5. 
All parents and first and second generation populations were susceptible. 
In contrast to the reactions of the previous group of crosses, all ratings were 
below 50, the highest being 31 in the F.^ of cross No. 46. Some of the varia- 
tion in the ratings of individual lines is due to the fact that several separate 
inoculation series are represented in the table. In all eases, however, the 
parents and hybrids of any one cross were included in a single inoculation 
series. 


TABLE 5. — Collar-rot reaction in four resistant x resistant crosses and in seven 
susceptible X susceptible crosses 


Cross 

Collar-rot reactions and ratings (in italics) » 


No. 

Parentage 

Pi 

Ps 

Pg families 

41 

A. ^Resistant x resistant 
crosses 

P.I. 127,814 X Dev. Surprize 

resistant 

resistant 

33 families 


66 SB 

SI 

83 

resistant 

42 

Dev. Surprize x Bed Cherry 

resistant 

resistant 


43 

SS 96 

Dev. Surprize x P.I. 126,923 

S9 

resistant 

86 

resistant* 

44 families 


88 94 

71 

91 

resistant, 1 

44 

Nor duke x Dev. Surprize 

resistant 1 

resistant 

segregating 

45 ■■ 

86 99 

B. Susceptible x susceptible 
crosses 

P.I. 128,602 X P.I. 95,588 

85 

susceptible 

91 

susceptible 

46 

IS 5 

P.I. 126,452 X Marglobe ^ 

SO 

susceptible 

S7 

susceptible 


47 

48 

S6 16 

Marglobe x Montgomery 

5 3 : ' ■ 

Montgomery x Marglobe 

S5 

susceptible 

31 

susceptible 

7 

susceptible 


49 

3 5 

Red Pear x Cooper Special 

S^ 

susceptible 

5 

susceptible 


50 

3 2 

P.I. 118,324 X Montgomery 

8 

susceptible 

susceptible 


51 

$■' 3 

P.I. 95,588 X Marglobe 

17 

susceptible 

susceptible 



10 5 

0 

0 



® Figures under variety names or progeny groups represent numerical reaetioia 
ratings. 
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In TnaVing the collar-rot classifications listed in table 5, 229 Fi, 1402 Fa, 
and 1838 F 3 seedlings were inoculated, in addition to approximately 400 
seedlings from the parents of the crosses. 

BACKCEOSSES 

Three backcrosses, (resi&tant x susceptible) x susceptible, were tested. 
In addition Fi plants were outcrossed to other collar-rot-susceptible parents 


TABLE 6. — G(Mar-rot reaction in second generation populations of haoTccrosses. A, 
(resistant x susceptible) x susceptible; B, (resistant x susceptible) x resistant 


Cross 

No. 

Parentagea 

Number of second generation 
populations 

U1 

Total 

Sus- 

ceptible 

Segre- 

gating 

Eesist- 

tant 


A. susceptible parent 






16 

Cross No. 12 x Entgers 

21 

9 

12 

0 

0.428 

17 

X Valiant 

! 14 

7 

7 

0 

0.000 

18 

No. 13 X Entgers 

19 

11 

8 

0 

1 0.474 

19 

X Valiant 

15 

8 

7 

0 

1 0.667 

20 

X Victor 

17 

5 

12 

0 

2.882 

21 

No. 4 X Gulf State 

18 

6 

12 

0 

2.000 

22 

' ' ^ ^ X Marglobe 

4 

1 

3 

0 

1.000 

23 

^ ^ ^ ‘ X Stokesdale 

14 

4 

10 

0 

2.571 

24 

xPan America 

3 

0 ! 

3 

0 

3.000 

25 

X Victor 

13 

7 1 

6 

0 

0.769 

26 

xEedcap 

14 

6 

8 

0 

0.286 

27 

No. 5 X Entgers 

2 


1 

0 

0.000 

28 

X Gulf State 

3 

2 

1 

0 

•0.333 

29 

X Stokesdale 

13 

4 

9 

0 

1.923 

30 

X Pan America 

4 

2 

2 

0 

0.000 

31 

xMingold 

11 

2 

9 

0 

4.454* 

32 

(Bobbies Champion 







x Victor) X Entgers 

9 

5 

4 

0 

0.909 

33 

X Montgomery 

2 '! 

0 

2 

0 

2.000 

34 

^ ^ X Stokesdale 

18 

8 

10 

0 

0.222 

35 

X Pan America 

24 

14 

10 

0 

0.667 

36 

'' X Victor 

16 

8 

8 

0 

0.000 







24.585 



254 

110 

144 

0 

0.455 





Heterogeneity 

■=24.130 


B. P ’1 X resistant parent 






■37 

Cross No. 4 x Banish Export 

35 

0 

16 

19 

0.257 

38 

x Bevon Surprize 

8 

0 

4 

4 

0.000 







0.257 



43 

0 

20 

23 

0.209 





Heterogeneity yf - 0.048 


a Crosses 4, 5, 12, and 13 are listed in table 3. 
* Significant beyond the 5 per cent point. 


similar in reaction to the original parents, and these crosses are treated as 
backcrosses. Seed was saved from individual first generation plants of the 
backcrosses and second generation seedlings were inocnlated. The results 
«of the inoculations are in section A of table 6 . The direct backcrosses are 
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Nos. 20, 22, and 36. A total of 4,802 seedlings was inoculated in classifying 
the 297 families. 

On the assumption that a single pair of factors is involved in collar rot 
resistance as is suggested by the analysis of second and third generation 
populations, half of the populations from each backeross would be expected 
to be susceptible and half segregating. The chi-square determinations were 
made accordingly for a 1 : 1 ratio. As shown by the data in section A of 
table 6 , in each of the 21 crosses only the two types of reaction occurred, 
none of the populations being uniform for resistance. One of the ehi-square 
values exceeded 3.841, indicating a deviation from the assumed ratio sig- 
nificant at the 5 per cent point; but the ehi-square value of the aeeumulate^d 
segregation, 0.455, showed that the ratio closely approached 1 : 1. 

One backeross. No. 38 (Table 6 , B), was made to the collar-rot-resistant 
parent, Devon Surprize. In addition, in cross No. 37, the Fi was outerossed 
to the variety, Danish Export. This variety had given collar-rot reactions 
as resistant as Devon Surprize. A 1 : 1 ratio of resistant to segregating 
populations was expected and a close approximation, 20:23, observed. 
None of the 43 populations was uniformly susceptible. 

SEGREGATION WITHIN P3 FAMILIES 

As a further test of the suggested single factor hypothesis, analysis was 
made of the seedling segregation within 258 F 3 families. The families 
selected were those in w^hich segregation was unquestionable, or those in 
which seedlings usually appeared in five of the eollar-rot infection classes 
(Pig. 1). The results of the analysis, assembled from eleven separate 
inoculations, are in table 7. Bach inoculation included families from one 
or more of the resistant x susceptible crosses listed in table 3 . 

In one of the eleven inoculations. No. 81, the chi-square value indicated 
segregation deviating from a 3 : 1 ratio; the other ten and the accumulated 
segregation closely approached this ratio. In the deviating inoculation, 
an excess of seedlings appeared in the more resistant classes, IV and V, 
suggesting that a relatively weak infection occurred. The tests of the F 3 
seedlings as a whole, however, appear to confirm the suggested type of 
inheritance. 

SEGREGATION WITHIN SECOND GENERATION FAMILIES OF BACKCEOSSES 

A summary was made of the seedling distribution in 102 clearly segre- 
gating second generation populations from (resistant x susceptible) x sus- 
ceptible. There were 1,549 seedlings classified, and of these 1,182 were in 
classes I, II, and III and 367 in classes lY and Y. This result gives a satis- 
factory fit to a 3 : 1 ratio, the ehi-square value being 1.343. 

DISCUSSION 

It seems evident that resistance to the collar rot phase of Alternaria 
solani behaves as an inherited character and that a single pair of factors 
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controls tMs resistance. Several minor deviations represented by signifi- 
cantly high ehi-sqnare values for 3:1 or 1:2:1 ratios appeared in the 
observed segregations. In each case, however, the accumulated chi-square 
values have been low and in most eases heterogeneity chi-square values indi- 
cated similar reactions among a group of different crosses. 

There was no indication that the resistance of Devon Surprize, which 
was used in the majority of crosses studied, differed in degree or type from 
that of other resistant parent lines or from homozygous resistant hybrids 
derived from crosses made. It is significant that this variety from Scotland, 
Targinnie Eed from Australia, and P.I. 127,833 from Peru had apparently 
identical forms of resistance, both visually and from a genetic standpoint. 


TABLE 7. — Collar -rot classification in 258 segregating Fq families from resistant x 
suscepti'ble crossesy assembled from eleven inoculations 


Inoculation 

No. 

No. of 
families 

No. of inoculated seedlings 

3; 1 

Total 

Infection class 

I, II, III 

IV, V 

11 

20 

406 

302 

104 

0.082 

71 

9 

168 

131 

37 

0.794 

74 

50 

699 

515 

184 

0.653 

75 ■ 

25 

655 

502 

153 

0.941 

76 

78 

1,038 

754 

284 

3.084 

77 

20 

480 

365 

115 

0.278 

78 

12 

289 

213 

76 

0.259 

80 

8 

225 

176 

49 

1.246 

81 

19 

557 

397 

160 

4.123^ 

82 

5 

134 

109 

25 

2.876 

83 

12 

299 

215 

84 

1.526 






15.862 


258 

4,950 

3,679 

1,271 

0.363 





Heterogeneity yf = 15.499 


* Significant beyond the 5 per cent point. 


The great majority of inherited characters that have been studied in 
Lycopersicon have been reported to be controlled by single pairs of factors 
(9). Definite evidence of genetic resistance to disease in tomato has been 
found for such diseases as Pusarium wilt (4, 10), Stemphylium leaf spot 
(2), Septoria leaf spot (8), Cladosporium leaf mold (1, 5, 6, 11), and pos- 
sibly western yellow blight (7). In the majority of these cases, resistance 
has been reported as almost completely dominant or completely recessive to 
susceptibility. In the present study seedlings heterozygous for collar-rot 
resistance were usually distinguishable from those homozygous for resistance 
or susceptibility and their collar-rot reactions more nearly resembled the 
reaction of susceptible lines. For these reasons, it is considered here that 
collar-rot susceptibility is only partially dominant over resistance. 

In the case of Cladospormm fulmm Langford (6) found several 
types of resistance, assigned symbols to the factors involved, and suggested 


35 


1945] Reynard and Andrus : Alternaria-resistant Tomato 

the system of symbols employed as a model for subsequent reports defining 
resistance to other diseases in tomato. In his system, the initials of the 
Latin name of the disease were used to represent the genes for resistance and 
subscript letters represented the initial letters of the tomato variety in which 
resistance was first discovered. The factor for resistance to C. fulvum found 
in the variety Stirling Castle was given as ‘‘Cfgc.'' 

Although collai-rot resistance was found in several varieties at the same 
time (3), the variety Devon Surprize has been used most extensively in this 
study and will be designated as the typical resistant variety. The symbols 
suggested are Ad-ad/' the factor pair governing resistance to the collar- 
rot phase of AJtcructTid solduij as in the tomato variety, Devon Surprize. 

Linkage relationships have not as yet been determined, but one con- 
tributing fact was observed; Devon Surprize has even-ripening fruit, the 
genes for which are located on chromosome No. VII of MacArthur’s (9) 
chiomosome map of tomato. This character was inherited independently 
of collar-rot resistance, indicating that the genes for the latter are probably 
not located on chromosome VII. 

SUMMARY 

Tomato lines uniformly resistant and lines uniformly susceptible to the 
collar-rot phase of Altcrndf id soldui were crossed and succeeding generations 
analyzed for resistance or susceptibility to the disease. Analysis was made 
of the collar-rot reaction of approximately 500 Fi, 5,400 F 2 , 7,300 F 3 seed- 
lings and, in addition, 4,800 seedlings from backcrosses. A total of 15 F 2 
populations, 251 F 3 families, and 23 backcross populations involving crosses 
of resistant x susceptible parent lines was tested. Plants were artificially 
inoculated in the seedling stage, grown in soil in greenhouse benches and 
classified according to the severity of the development of collar rot. 

Unquestioned segregation for resistance occurred in the hybrids and 
analysis of second and third generation and backcross populations indicated 
a simple form of inheritance involving one pair of factors. An intermediate 
type of reaction was observed in which susceptibility to collar rot appeared 
to be only partially dominant over resistance. Resistance manifested in 
plants of the second and later generations appeared to be equal to that found 
in parent lines. Resistance found in tomatoes from widely scattered sources 
appeared to be inherited in identical manner. 

The forcing variety, Devon Surprize, was used as the principal collar- 
rot-resistant parent. Following a modification of the system of symbols 
described by Langford, the factor pair governing resistance to the collar-rot 
phase oi Alfernarid soldwi was assigned the symbols '^Ad-aa.^' 

U. S. Vegetable Breeding Laboratory, 

Charleston, South Carolina. 
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MOSAIC, STREAK, AND YELLOWS OP CARNATION^ 

Leon K. Jones 
(Accepted for publication August 1, 1944) 

INTRODUCTION 

Tlie literature dealing with viroses of carnation was recently reviewed 
by Creager^ and the name “mosaic” was substituted for the name “yellows” 
for the disease originally described by Peltierd Although Peltier^ and 
Lamkey‘‘ did not definitely say that the disease was caused by a virus, they 
did demonstrate the infectious nature of the disease by grafting and showed 
that it was not caused by fungi or bacteria. Lamkey* concluded that yel- 
lows was infectious but not contagious. He also referred to peach viroses 
and tobacco mosaic and inferred that carnation yellows was a similar type 
of troiible. Based on priority of usage the name “yellows” should have been 
used by Creager^ because his description and photographs of foliage symp- 
toms show that he was working with the disease described by Peltier.® Low- 
ered quality of flowers from yellows-affected plants was reported by Peltier 
and by Lamkey, but Creager associated the breaking of the color of flowers 
with this disease. 

Viroses of carnation have been under observation in Washington since 
1930 and actively investigated since 1937.® Early i^ the investigations it 
was observed that all commercial varieties of carnations were infected with 
viroses to a greater or lesser extent and that ft was advisable to develop virus- 
free seedlings in order to study the disease. As the work progressed on 
virus-free seedlings, it became evident that 2 viruses were associated with the 
disease known as yellows. One of the viruses, the mosaic virus, was gen- 
erally present in all commercial varieties. The other virus, the streak virus, 
varied greatly in prevalence in different greenhouses and varieties. Since 
commercial varieties are practically 100 per cent affected with the mosaic 
virus, the streak virus was not observed alone in commercial plantings but 
was always in combination with the mosaic virus. This combination of 
viruses is the cause of the disease called yellows. It appears that Creager 
has substituted the term “mosaic” for “yellows” without separating the 
two viruses. The leaves and bud listed as normal in figures 1 and 2 of 
Creager ’s article show mosaic symptoms, and those listed as affected with 
mosaic show symptoms of yellows. It is interesting that Lamkey stated that 
the terms “mottle leaf,” “mosaic,” or “yellow fleck and streak” might be 
more appropriate descriptive terms than “yellows.” 

1 Published as scientifie jiaper No. 612, College of Agriculture and Agricultural Ex- 
periment Stations, State College of Washington. 

2 Creager, E. B. Carnation mosaic. Phjtopath. 33 : 823-827. 1943. 

3 Peltier, Geo. L. Carnation yellows. Proc. Amer. Carnation Soc. 25 : 29-35. 1916. 

^ Lamkey, E. M. E. A consideration of yellows. Proe. Amer. Carnation Soc. 26: 

25-35. 1917. 

5 Wash. Agr. Exp. Stat. Ann, Eepts. 48: 65-66. 1938; 49: 61-62. 1939; 50: 76-77. 
1940; 51: 85. 1941; 52: 74. 1942; 53: 67. 1943. 
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SYMPTOMS 

Mosaic 

Slight mottling of the leaves with light-green irregular to elongate 
blotches (Fig. 1, C), which makes the plant a lighter green than normal, 
is the characteristic symptom of this disease. The mottling is usually more 
pronounced in the young leaves than in the older ones. Foliage from virus- 
free plants is smooth and uniformly green in contrast with the mottled 
foliage of mosaic-affected plants. Mosaic often shows in the flowers of 
colored varieties as somewhat lighter streaks that parallel the veins of the 
petals. The mottling of the foliage and the broken color of the flowers 
caused by mosaic ordinarily are not sufficiently damaging to be of much 
economic importance. 



Fig. 1. Mottling and necrosis of carnation leaves cansed by viruses. A, yellows; 
B, streak; C, mosaic; D, virus-free leaf. 


Streak 

Yellowish or reddish spots and streaks one-half to one mm. wide, either 
circular or elongate, paralleling the veins are noted on foliage of affected 
plants (Fig. 1, B). The reddish spots are more pronounced on foliage of 
colored varieties than the yellowish spots on foliage of light pink or white 
varieties. On the deep red varieties, such as Potentate, the outer portion 
of the spot becomes purple in contrast to the light tan center. Many of the 
lower leaves on affected plants may become severely spotted, turn yellow, and 
die. The streak virus alone appears to produce no distinguishing symptom 
on the flower. 

Yellows 

Since yellows is caused by a combination of the two viruses, mosaic and 
streak, both the mottling and spotting are characteristic of the trouble (Fig. 
1, A). The severity of the foliage mottling and the flower streaking associ- 
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ated with the mosaic disease are increased by the presence of the streak virus. 
Severely spotted foliage more often dies with the combination of the 2 
viruses than with streak alone. Yellows has been observed to cause the 
death of nearly all the foliage on flower steins of Virginia and Laddie varie- 
ties during March and April. Yellows-affected plants also suffer more 
severely from Fusarium branch and stem rot than is the ease with mosaic- 
affected plants. 

TRANSMISSION 

Pour series of grafts on 100 virus-free seedlings and 6 series of mechani- 
cal inoculations on 272 virus-free seedlings were made from yellows and 
mosaic plants in 1938-40 before determining that 2 viruses were associated 
Avith the yellows disease. Accordingly, the results of these tests were con- 
fusing. In October, 1940, grafts from yellows-affected Patrician and mosaic- 
affected King Cardinal were made on 5 plants, each of a virus-free seedling 

TABLE 1 . — The tra7ismission of the carnation mosaic a7id strealv viruses 


Inoculum 

Type of 

Number 

No. plants 

Average percentage of plants 
affected with 



UX bi IScliliS 

XXJIL^C/ LiXcb bX'iX 

Mosaic 

Streak 

Yellows 

Yellows 

Mechanicala 

6 

316 

99 

0 

0 

Mosaic 

i i • 

2 

20 

100 

0 

0 

Yellows 

Grafting 

6 

86 



90 

Mosaic 


3 

20 

100 

0 

0 

Streak 

(( 1 

1 

12 

0 

, 100 

0 

Yellows 

My mis persicae 

4 

147 

0 

93 

0 

Yellows 

Thrips t abaci 

2 

30 

0 

! 0 

0 

Mosaic ......... 

Mymis persicae 

2 

18 

0 

0 

0 

Yellows ...... 

a n 

2 

92b 



94 

Streak 

li (( 

1 

5b 



100 


a Portion of affected leaf rolled and injured on swab with a pot label before being 
rubbed on leaf to be inoculated. Leaf to be inoculated was sprinkled with carborundum 
dust previous to inoculation. 

b Plants affected with mosaic before being inoculated in these tests. 

clone. Symptoms of yellows developed on plants grafted with yellows- 
affected scions from Patrician, and mosaic on plants grafted with mosaic- 
affected scions from King Cardinal. This separation of symptoms was per- 
petuated in further grafts from affected plants to plants of another seedling 
clone. 

Mechanical inoculations from yellows-aftected plants previous to the 
understanding of the complex nature of the disease indicated that yellows 
was not transmitted mechanically, but that a mosaic-mottling of the foliage 
was readily transmitted by mechanical inoculation methods from yellows- 
affected plants. The use of (Myzus persicae Sulzer) gave indications 

that yellows was transmitted by this insect, because the inoculated plants 
were carrying the mosaic virus before viruliferous aphids were placed upon 
them. An understanding of the situation was obtained when aphids were 
transferred from yellows-affected Patrician to 5 plants of a seedling clone 


mm 
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that had been previously inoculated with mosaic, and typical yellows devel- 
oped on the dual-inoculated plants. 

Since October, 1940, a large number of inoculations by mechanical 
methods and by the use of insects on virus-free clonal lines of seedlings has 
shown that the mosaic virus is readily transmitted by mechanical inoculation 
but is not transmitted by Myzits persicae or Thrips talaci Lindeinan (Table 
1). Also, the inoculations have showm that the streak virus is transmitted 
by M. persicae 'but not by T. tahaci or by mechanical inoculation methods 
(Table 1). Preliminary tests show that the mosaic virus is inactivated m 


TABLE 2. — Observed reaction of carnation varieties infected with yellows in com- 
mercial greenhouses^ 


Severe symptoms 

Moderate symptoms 

Slight symptoms 

Betty Lou 

Achievement 

Admiration 

Bonanza 

Dark Scarlet 

Carlotta 

Boston Ward (3) 

Del Ray 

Dairy Maid 

Camelia 

Eleanor 

Dictator 

Chief Kokomo 

Ethel 

John Briry 

Dimity 

Ivory White 

Matchless 

Ditchling 

Joan Marie 

Mrs. Sims 

Doris Allwood 

Kathryn 

Olivette 

Fire Chief 

Maytime 

Pelargonium 

Gardenia 

Mrs. C. B. Johnson 

Pharaoh 

Giant Laddie 

My Love 

Pink Abundance 

Golden Wonder 

Paragon 

Portland Pink 

King Cardinal 

Peter Fisher i 

Vivel Field Clark (2) 

Martha Ellen 

Pink Spectrum i 

Vivian (1, 2) 

Melrose 

Patrician 

Pink Treasure 

Potentate 

Puritan (2) 

Purity (3) 

Robert Allwood (2) 

Rose Pink Joan Marie 
Scarlet Monarch (2) 

Senator 

Snow White 

Tangerine 

Triumph 

White My Love (2) 

Woburn (2) 

Red Matchless (1) 

Red Triumph (2, 3) 
Rosalie 

Salmon Spectrum (2) 
Satellite (1, 2) 

Spectrum Supreme 

Topsy (3) 

Yirginia 

Virginia Rose 


a Observations made in 1938-1944: in greenhouses in Washington and (1) Charles City, 
Iowa; (2) Milwaukee, Wisconsin; and (3) Denver, Colorado. 


vitro near 60° C., and remains active in vitro for 7 days but is not active 
after 42 days. The minimum incubation period of the mosaic virus was 22 
days and of the streak virus 25 days, but longer periods of incubation, up to 
50 to 60 days, were commonly observed depending upon the vigor of the 
inoculated plants. 

VARIETAL RESISTANCE 

Carnation varieties in commercial greenhouses differ in severity of symp- 
toms of yellows shown by affected plants. Observations in Washington, 
Iowa, Wisconsin, and Colorado recorded in table 2 show the degree of injury 
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noted on commoii varieties. Some of tlie varieties listed as slightly or mod- 
erately injured by the presence of yellows in the plant have not been 
observed under sufSciently varying conditions to be certain of their proper 
classification. 


TABIjE 3. JP€TC€7it(iff6 of plants of caTnation vavietiss showinp symptoms of yol- 
loivs in commercial greenhouses of Washington^. 


Variety 

Greenhouses 

Range 

Average 


Vo. 

Per cent 

Per cent 

Pollyanna 

1 

0 


Matchless 

3 

0-7 

2 

John Briry 

6 

1-10 

i 4 

Dark Pink Maytime 

1 

10 


Eleanor 

1 

10 


Dorothy Napier 

2 

10-20 

15 

Hercules Virginia 

2 

10-20 

15 

Pink Treasure 

1 

20 


U. S. D. A. No. 1 

1 

20 

■ 

Olivette 

4 

0-40 

1 25 

Pharaoh 

! 2 

10-60 

1 35 

Maytime 

3 

2-70 

j 41 

Snow White 

^ 2 

10-75 

46 

Peter Fisher 

5 

6-90 

! 47 

Joan Marie 

7 

20-80 

54 

Tom Knipe 

i 3 

40-70 

50 

Puritan 

I 4 

10-90 

60 

Pink Spectrum 

' 4 

30-90 

61 

Gardenia 

i 1 

67 


Virginia Eose 

6 

30-95 

69 

Pink Abundance 

1 

70 


My Love 

5 

60-100 

78 

Melrose 

1 

80 


Purity 

1 

80 


Rose Pink My Love 

1 

80 


King Cardinal i 

10 

s 15-100 

81 

Chief Kokomo 

2 

i 75-90 

83 

Virginia 

7 

60-100 

86 

Camelia ! 

1 

90 


Hermosa 

1 

90 


Mrs. 0. B. Johnson 

1 

90 


Ethel 

2 

90-98 

94 

Spectrum Supreme 

4 

90-100 

94 

Betty Lou 

2 

100 

100 

Fire Chief 

2 

100 

100 

Giant Laddie 

1 

100 

.. 

Paragon 

1 

100 


Patrician 

2 

100 

100 

Triumph 

1 

100 



a Observations made in greenhouses in March and April, 1941-1944. The highest 
percentage observed in a given variety is recorded. 


Many of the varieties listed as showing severe symptoms have had suffi- 
cient loss of crop to lead to their discontinuance by some growers in Wash- 
ington during the past 6 years. Most of the varieties listed in table 2 have 
been developed in the last 15 years. Matchless and Boston Ward appear 
to be the only varieties observed that have been in production for 30 years. 
This leads one to conjecture as to the part played by yellows in the '^run- 
ning-out’’ of commercial carnation varieties in the past. Peltier, in 1916, 
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that had been previously inoculated with mosaic, and typical yellows deYel- 
oped on the dual-inoculated plants. 

Since October, 1940, a large number of inoculations by mechanical 
methods and by the use of insects on virus-free clonal lines of seedlings has 
shown that the mosaic virus is readily transmitted by mechanical imxndatinn 
but is not transmitted by Myzus persicae or Thrips iahaci Lindeinaii (Table 
1). Also, the inoculations have showm that the streak virus is transmitted 
by M, persicae but not by T, tabaci or by mechanical inoenlation metfiods 
(Table 1). Preliminary tests show that the mosaic virus is inactivated rn 


TABLE 2. — Odserved reaction of carnation varieties infected with i/ellows in com- 
mercial greenhouses^ 


Severe symptoms 

Moderate symptoms 

Sliglit symptoms 

Betty Lou 

i Achievement 

Admiration 

Bonanza 

Dark Scarlet 

Carlotta 

Boston Ward (3) 

Del Ray 

Dairy Maid 

Oamelia 

i Eleanor 

Dictator 

Chief Kokomo 

Ethel 

, John Briry 

Dimity 

Ivory White 

i Matchless 

Ditehling 

Joan Marie 

i Mrs. Sims 

Doris Allwood 

Kathryn 

Olivette 

Fire Chief 

Maytime 

Pelargonium 

Gardenia 

Mrs. C. B. Johnson 

Pharaoh 

Giant Laddie 

My Love 

Pink Abundance 

Golden Wonder 

Paragon 

Portland Pink 

King Cardinal 

Peter Fisher 

Vivel Field Clark (2) 

Martha Ellen 

Pink Spectrum 

Vivian (1, 2) 

Melrose 

Patrician 

Pink Treasure 

Potentate 

Puritan (2) 

Purity (3) 

Robert All wood (2) 

Rose Pink Joan Marie 
Scarlet Monarch (2) 

Senator 

Snow White 

Tangerine 

Triumph 

White My Love (2) 

Woburn (2) 

Red Matchless (1) : 

Red Triumph (2, 3) ' 

Rosalie 1 

Salmon Spectrum (2) ’ 

Satellite (1, 2) 

Spectrum Supreme 

Topsy (3) 

Virginia 

Virginia Rose 


a Observations made m 1938-1944 in greenhouses in Washington and (1) Charles City, 
lowaj (2) Milwaukee, Wisconsin j and (3) Denver, Colorado. 


vitro near 60"^ 0., and remains active in vitro for 7 days but is not active 
after 42 days. The minimum incubation period of the mosaic virus was 22 
days and of the streak virus 25 days, but longer periods of incubation, up to 
50 to 60 days, were commonly observed depending upon the vigor of the 
inoculated plants. 

varietal resistance 

Carnation varieties in commercial greenhouses differ in severity of symp- 
toms of yellows shown by affected plants. Observations in Washington, 
Iowa, Wisconsin, and Colorado recorded in table 2 show the degree of injury 
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noted on common varieties. Some of the varieties listed as slightly or mod- 
erately injured by the presence of yelloAvs in the plant have not been 
observed undei* sufficiently varying conditions to be certain of their proper 
classification. 


PABLlil 3. PeTccntdge of plants of coTnation vavioties showing sgmptoms of yol- 

lo ws in commercial greenhouses of Washington^ 


Variety 

Greenhouses 

Bange 

Average 


No. 

Per cent 

Per cent 

Pollyaiina 

1 

0 


Mateliless 

3 

0-7 

2 ■ 

Jolxn Briry 

6 

1-10 

4 

Bark Pink Maytime 

1 

10 


Eleanor 

1 

10 


Borotliy Napier 

2 

10-20 

15 

Hercules Virginia 

2 

10-20 

15 

Pink Treasure 

1 

20 

IT. S. B. A. No. 1 

1 

20 


Olivette 

4 

0-40 

25 

Pharaoh 

2 

10-60 

35 

Maytiine 

3 

2-70 

41 

Snow Wliite 

2 

10-75 

46 

Peter Fisher 

5 

6-90 

47 

Joan Marie 

7 

1 20-80 

54 

Tom Knipe 

3 

40-70 

50 

Puritan 

4 

10-90 

60 

Pink Spectrum 

4 

30-90 

61 

Gardenia 

1 

67 


Virginia Bose 

6 

30-95 

69 

Pink Ahundanee 

1 

70 


My Love 

5 

60-100 

78 

Melrose 

1 

80 


Purity 

1 

80 


Bose Pink My Love 

1 

80 


King Cardinal 

10 

15-100 

81 

Chief Kokomo 

2 

75-90 

83 

Virginia 

7 

60-100 

86 

Camelia ! 

1 

90 


Hermosa 

1 

90 


Mrs. C. B. Johnson 

1 

90 


Ethel i. 

2 

90-98 

94 

Spectrum Supreme 

4 

90-100 

94 

Betty Lou 

2 

100 

100 

Fire Chief 

2 

100 

100 

Giant Laddie 

1 

100 


Paragon 

1 

100 

ioo 

Patrician 

2 

100 

Triumph - 

1 

100 







“Observations made in greenhouses in March and April, 1941-1944. The highest 
percentage observed in a given variety is recorded. 


Many of the varieties listed as showing severe symptoms have had suffi- 
cient loss of crop to lead to their discontinuance by some growers in Wash- 
ington during the past 6 years. Most of the varieties listed in table 2 have 
been developed in the last 15 years. Matchless and Boston Ward appear 
to be the only varieties observed that have been in production for 30 years. 
This leads one to conjecture as to the part played by yellows in the “run- 
ning-out’ ’ of commercial carnation varieties in the past. Peltier, in 1916, 
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stated that all varieties grown at that time had 3 ^ellows and that the disease 
was the most serious trouble of carnations. Comments by a grower in 1916*" 
that he had seen yellows as long as he had grown carnations would lead to 
the conclusion that it has been an important disease of earnations for a long 
time. 

Yellows was prevalent on many carnation varieties in commercial green- 
houses of Washington, in March and April of 1941-1944 (Table 3). The 
standard varieties Betty Lou, Camelia, Chief Kokomo, Gardenia, Giant 
Laddie, Melrose, Patrician, Puritan, and Purity have been discarded during 

TABLE 4 . — Observations on yellows in rooted cuttings of carfiations purchased hu 
growers in Washington, 1940-1944& 


Percentage of plants with symptoms 
of yellow's 


Source and variety of cuttings 


Massachusetts 

Bauerlein^s White 

Charm 

Dark Pink Maytime ......... 

New York 

Olivette 

Pink Spectrum 

Bosalie 

Snow White 

Virginia Bose 

Indiana 

Dorothy Napier 

Maytime 

Olivette 

Pharaoh 

Pollyana 

Tom Knipe 

Vivian 

Colorado 

Derigo 

Light Pink Maytime 

Pink Spectrum 

Pink Spectrum Supreme 

Spectrum Supreme 

Oregon 

Melrose 


a Data collected 


j potted plants in greenhouses in Washington within 30 days 

after the plants had arrived from shipping points. ^ ^ 

this 4-year period mainly because of reduced quality and production caused 
by the yellows disease. Some growers have also expressed the opinion that 
reduced quality and production makes it desirable to find new varieties to 
replace Fire Chief, Joan Marie, King Cardinal, My Love, Virginia, and Vir- 
ginia Eose. High percentages of plants of these varieties were affected with 
yellows in the different greenhouses (Table 3) . The John Briry and Match- 
less varieties consistently had none to low percentages of yellows. The fact 
that aphids are seldom found on these varieties except in heavily infested 
greenhouses no doubt accounts for their relative freedom from the disease. 

6 See footnote 3. 
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On. the other hand, King Cardinal, Fire Chief, and some other varieties to 
a lesser extent are very snseeptible to aphid infestation. 

As the varieties become less productive, growers buy new stock from 
other parts of the country in order to obtain more productive old varieties 
or to try new varieties. Many lots of rooted cuttings brought into the State 
of Washington during the past 5 years have been affected with yellows 
(Table 4). No definite information was obtained as to the location of the 
greenhouse in which the cuttings were made but the state from which the 
cuttings were shipped is recorded in table 4. From these few data it appears 
that yellows is more prevalent in carnation stock produced in the central and 
western part of the United States than in stock produced in the northeastern 
part of the United States. 

Seedling carnation plants were developed from seed obtained from 
England and Prance in 1938-1939, but crosses were made with commercial 
varieties in the greenhouse in Pullman in 1938-1940 for the production of 
seed. A total of 1038 seedlings have been grown wdth no indication that 
the mosaic or streak viruses were transmitted to the plants through the seed. 
Twenty-eight of the most promising seedlings were selected and developed 
into clonal lines. Inoculation by grafting on these clones has failed to show 
any immunity to infection by the streak and mosaic viruses, but considerable 
difference in degree of injury to affected plants has been observed. Two of 
the clones, that show relatively mild symptoms when affected with yellows 
have been distributed in lots of 100 and 1200 plants each to 7 growers in the 
Spokane area for observations under commercial conditions. The 2 varieties 
are dark rose pink and named Victoria and Genevieve. Victoria came from 
a cross of Joan Marie x King Cardinal and Genevieve from a cross of King 
Cardinal x an unnamed red seedling developed from seed purchased in 
England. Further crosses have been made but the war emergency has cur- 
tailed investigations on this project. 

THE EFFECT OF NUTRITION ON SYMPTOMS 

It was recognized by Peltier that symptoms of yellows were influenced 
by environmental conditions. Symptoms are often very marked on rooted 
cuttings in the sand or soon after they are potted. This is especially true if 
the cuttings remain in the sand beyond an optimal period for root develop- 
ment. The use of hormones to assist in rooting cuttings has been considered 
by growers to be responsible for the development of severe symptoms. Tests 
with hormones at Pullman indicate that symptoms are no more severe on 
treated cuttings than on untreated cuttings. There is the possibility that 
the more rapid rooting and greater abundance of roots on affected treated 
cuttings would make them suffer more severely from a depleted' nutrient 
condition than untreated cuttings, if left in the sand too long before potting. 
Cuttings from yellows-affeeted plants do not strike root easily and lower per- 
centages of rooted plants are obtained from them than from virus-free or 
mosaic-affected plants. 
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Observations and discussions with growers would lead to the eonelusioii 
that unfavorable growing conditions that injure the root system or eheek 
plant growth increase the development of symptoms in diseased plants. Low 
fertility of soil, excessive amounts of salts in the soil, too heavy and frequent 
applications of water, and excessive applications of fertilizer are factors that 
appear to have been responsible for severe symptom development in various 
greenhouses under observation. In the fall and winter the symptoms of 
yellows are usually mild unless aggravated by very unfavorable soil condi- 
tions. In the spring, however, when heav 3 ^ growth is made with heav\’' water- 
ing and no fertilizing the symptoms may become very severe. Injury to the 
root system in potting from the sand, repotting, or transplanting has been 
observed as a possible factor in increasing s^nnptoms. 

Yellows-affected Patrician plants were placed in neutral peat in glass 
pots October 6, 1938, and grown through the winter with the addition of 
nutrient solutions as the moisture condition of the peat showed the need. 


TABLE 5 . — The effect of nutrients upon the development of carnation yellows 
symptoms^ 


Nutrient solutions 

No. plants 
grown 

Degree of symptoms 
on plants 

Av. number 
spots per 
shoot 

Medium 

Severe 

Dead 

Complete nutrient 

12 

5 

0 

0 

8 

Complete minus nitrogen 

12 

3 

6 

3 

47 

Complete minus phosphorus ...... 

12 

3 

8 

1 

92 

Complete minus potassium ...... 

12 

4 

8 

0 

74 


a Patrician plants grown in pots of neutral peat. 


Twelve pots each were treated with complete nutrient, complete nutrient 
minus phosphorus, and complete nutrient minus potassium solutions.'^ 
Severe symptoms appeared on the plants in the pots receiving complete 
nutrient minus phosphorus, and complete nutrient minus potassium solu- 
tions on October 18, 1938, but plants in the other solutions were free of severe 
symptoms. The final data taken February 6, 1939 (Table 5), show that the 
lack of nitrogen, phosphorus, or potassium from the complete nutrient solu- 
tion gave increased symptoms on plants and that the plants were more 
severely damaged from a lack of potassium or phosphorus than from a lack 
of nitrogen. 

The soil in 27 benches of carnations in 15 greenhouses was analyzed in 
March, 1942, according to the technique described by Spurway.^ Tests were 
made for nitrates, potassium, phosphorus, chlorides, and soil reaction. Total 
salts in the soil of each bench were determined with the Washington State 
Soil Tester^’ developed by E. C. McCulloch and L. C. Wheeting. The car- 
nation plants in 12 of the benches were showing severe symptoms and in 

J Aeknowledgment is made to Dr. L. 0. Wheeting for assistance hi conducting the 
nutrient solution tests. 

8 Spurway, C. H. Soil testing— A practical system of soil diagnosis. Mich. Agr. 
Exp. Stat. Tech. Bull. 132 (Eevised) . 1935. 
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15 benches mild symptoms of yellows. No one condition or combination of 
conditions seemed to be a major factor in symptom development. Successive 
analyses of the soil thronghont the growing season wonld be advisable if the 
relation of soil condition to symptom development is to be better understood. 

CONTROL 

Mosaic appears to be of little economic importance on carnations and since 
it is spread rapidly by mechanical contact in cnltnral practices there appears 
to be no practical method for its control. In the development of new varie- 
ties, care should be used to not handle the new seedling clones after handling 
commercial varieties. 

Streak is transmitted readily by aphids, therefore the control of aphids 
is of the utmost importance in keeping this disease out of the plants. Be- 
cause yellows is caused by transmission of the streak virus by aphids to 
plants already affected with mosaic, the control of aphids is very important 
if losses from yellows are to be avoided. 

The mosaic and streak viruses are not transmitted in seed. Thus, new 
varieties developed from seed are free of mosaic, streak, and yellows. New 
varieties developed as sports from existing varieties are usually affected with 
the mosaic virus and often have yellows, depending upon the virus content 
of the mother plant. New varieties grown in the vicinity of commercial 
varieties, become affected with mosaic very rapidly when no care is used to 
prevent mechanical transmission of the virus in cultural practices. The 
rapidity of infection of new varieties with the streak virus depends upon the 
prevalence of this virus in adjacent stock and the transfer of aphids from 
diseased stock to plants of the new varieties. 

Eogueing and selection of stock has not given complete control of yellows 
because the appearance of symptoms on diseased plants is not sufficiently 
distinct at any given time to allow for complete eradication. This was shown 
by an attempt to rogue yellows-affected stock for 2 growers in May, 1941. 
At benching time, stock showing no definite symptoms of yellows was 
selected from Joan Marie (2,065 plants) in one greenhouse and from King 
Cardinal (1,951 plants) in the other greenhouse. Observations on the plants 
in the resultant benches during the next season showed that a large number 
of infected plants escaped detection when the stock was rogued. Symptoms 
are usually more distinct as the cuttings come out of the sand or for a period 
of a month or 2 after removal from the sand. Careful selection of symptom- 
less young plants from the time of removal from the sand until benching 
should be of great value in reducing losses from yellows. Symptoms on 
affected plants are usually so Inild during the winter months that the selec- 
tion of cuttings from only healthy plants appears impractical. 

Growing carnations under optimal soil, fertility, and moisture conditions 
reduces losses from yellows. Unfavorable conditions that check the plant 
growth may increase symptoms and crop damage when the disease is present 
in the stock. 
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SUMMARY 

Two Viruses, mosaic and streak, are associated in the carnation disease 
known as yellows. 

Mosaic shows as mottling of the leaves with light and dark green areas 
and slight color breaking in flowers of colored varieties with little damai'inf 
effect on the plant although generally present in all commercial variefles" 
btreak IS characterized by yellowish to reddish spots and streaks on tlie 
foliage that may lead to death of portions of the plant. In eonimereial cul- 
ture, streak is not observed alone but is in combination with mo.saic to pro- 
duce the disease known as yellows. The mottling of the foliage and break- 
ing of color of the flowers caused by mosaic and the spotting of the foIia«re 
and death of portions of the plant caused by streak are intensifi.d in the 
combination of the two viruses in the plant. Yellows has been verv iniurious 
to many varieties of carnations. ' 

7m transmitted by mechanical iiioenlation but 
not by aphids or thrips, has a minimum period of incubation of 22 davs and 
s inactivated near 60° C. and after 42 days in vUro. The streak 
transmitted by aphids but not by mechanical inoculation or bv thrips and 
It has a minimum period of incubation of 25 days. ‘ ’ 

diseIse”^*Th yellows 

L -D + 4 . ® ® ™^“^tion of some varieties from commercial production 
such as Betty Lou, Camelia, Chief Kokomo, Gardenia, Giant Laddl M^osJ 
Patrician, Puritan, and Purity has been due largely to reduced production 

and lowered quality caused by yellows. ^ciiieea production 

suse^ptiMlitv of777°* *^^^™itted in seed and considerable difference in 
susceptibility of seedlings was observed. Two virus-free and somewhat resis 
nt seedling varieties are being tested in commercial greenhouses 
The development of symptoms of yellows is greatly influenced bv en 
vironmental conditions. Unfavorable conditions that ;heck Xt ^7 
excess watering, low fertility, and excess salt in the o 1 i av 
development of symptoms. ^ emiauee the 

,7^ aphids IS the most important practice to reduce losses from 

Whe wt planting stock is rec m 

dSg theXter mXk " iisually very mild 

Washington Experiment Station, . 

Pullman, Washington. 



MYROBALAN MOTTLE AND ASTEROID SPOT 

E . M . H I L D E B E A N D 
(Accepted for publication August 10, 1944) 

For the past five years two abnormalities, ''mottle’’ and "asteroid spot,” 
have been observed in myrobalan plnm {Prunus cerasifera) seedlings used 
almost exclusively as root-stoeks for propagating plums in fruit nurseries. 
Since World War II started in 1939, such seed comes almost exclusively from 
one nursery in California. Samples taken from shipments of seedlings from 
numerous nurseries as received in New York State have regularly disclosed 
the presence of these abnormalities during the growing season. 

MOTTLE 

Myrobalan mottle (Fig. 1) is characterized by an abnormal type of 
foliage development over the entire plant which is stunted. The leaves are 
small, irregular, undulating in surface, and contain dark green areas visible 
by reflected light. ^ 

Attempts to transmit mottle by budding or grafting from myrobalan 
plum to myrobalan plum, peach, cherry, and prune during 1941, 1942, and 
1943 have been unsuccessful. On the other hand, the myrobalan mottle 
symptoms are regularly perpetuated on these plants in the growth, from the 
affected buds. This tendency of bud perpetuation, but not of visible trans- 
mission, suggests a genetic phenomenon. 

The origin of myrobalan mottle has been traced to the seed. Seed was 
obtained from the California nursery in 1942 and 1943 and grown in the 
greenhouse during the winter. Replicated plantings were made after vari- 
able periods of storage in moist peat at 5^^ C.^ Each replicate consisted of 
4 units of 40 or more seeds. Percentages of germination ranged from 90 to 
100. It was discovered that at least one seedling had mottle symptoms in 
all replicated plantings of 120 or over of 1942 seed and of 50 or over of 1943 
seed. Thus the percentage of seedlings affected with mottle ranged between 
0.8 and 2.0 per cent in these two samples. These germination experiments 
leave no doubt that myrobalan mottle is seed-borne. When considered along 
with the fact that it is also bud perpetuated but not bud transmitted the 
conclusion is that myrobalan mottle is apparently a genetic abnormality 
originating at the seed source. 

A variable percentage of myrobalan plum seedlings have been observed 
to contain the myrobalan mottle symptom inside and outside the State, In 
one case approximately 15 per cent of the seedlings showed this symptom 
in August although the percentage more commonly observed was between 
0.5 and 5.0 per cent. No planting has been observed totally free from this 
abnormality. 

iXJsually a 3-montli cold treatment was adequate for breaking dormancy of P. 
cerasifera. 
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ASTEROID SPOT 

Asteroid spot or eMorotic spot describe a second abnormality on myroba- 
lan plum, the first term describing the lesions on the foliage and the second 
those on the stems. At any time during the growing season few to many 
persistent star-shaped chlorotic spots (2 nnn. ±: in diameter) may appear on 
the leaves (Fig. 2, A), and cause distortion (Fig. 2, B). Tlie chlorotic spots 


PiO. 1. Myrobalan mottle: left, young seedling plant: right, close-up view of foliage 
by transmitted light. / o 7 ^ s 

(5 mm. zt) on the stems are usually oval and may become necrotic although 
this is unusual. Every rootstock collection brought together thus far has 
had some asteroid spot For example, in the 22 eollections made in 1942 its 
presence ranged from occasional to 90 per cent. When symptoms were 
severe, root stock growth was stunted. In several experiments the nercent- 



1945] HiLiDebeand : Abnoemalities in Plum 49 

affected seedlings were considerably below, frequently less than 50 per cent, 
that in normal seedlings. The stem growth from Italian buds placed on 
affected plants was frequently stunted and symptoms on the foliage and 
stems were similar to those on the rootstock. On affected roots the ariTmal 
growth from Italian buds was less than 2 feet in some cases, compared to 
5 or 6 feet of growth on apparently normal roots. 


Fig. 2. Asteroid or chlorotic spot. On left, close-up of foliage in beginning stages 
showing few to many spots. On right, the advanced stage of spotting and distortion of 
the foliage accompanied by chlorotic spotting of the stem. Photographed by transmitted 
light. 

Growing plants from seed in the greenhouse has practically excluded the 
chlorotic spot symptoms. However, since greenhouse temperatures run 
higher than those outdoors in spring and summer the possibility of tempera- 
ture masking symptoms has not been excluded (2). When plants which 
showed symptoms outdoors in 1941, 1942, and 1943 were forced in the green- 
house the following winter no symptoms developed except on two plants 
which showed a few spots on the first growth made in early March. On 
neither the growth resulting from grafting with scions inserted during dor- 
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mancy nor from buds inserted during the growing season were symptoms 
later expressed at greenhouse temperatures. Grafting greenhouse seedlings 
with buds from severely affected plants in the field during the growing sea- 
son has always given negative results. Symptomless seedlings grown from 
seed in the greenhouse when transferred to the field sometimes developed 
symptoms. At present the true cause of asteroid or chlorotic spot remains 
unknown. 

The possibility that a certain insect may be the causative agent through 
injection of a toxin in its feeding operations has been probed. Thus far 
convincing evidence has not been obtained for or against this possibility. 
All attempts to transmit this abnormality to peach and other Primus species 
have been negative. 

DISCUSSION 

No relationship seems to exist between myrobalan mottle and prune 
mottle (8) with which it might be confused. No relationship seems to exist 
between myrobalan asteroid or chlorotic spot and the necrotic asteroid spot 
virosis of peach reported from California (1). 

SUMMARY 

Two abnormalities, mottle and asteroid or chlorotic spot, are described 
on myrobalan plum (Prwtis root-stocks. 

Myrobalan mottle, which commonly occurs in nursery plantings but 
affects only a small percentage of the seedlings, is a seedborne, bud-perpetu- 
ated abnormality presumably of genetic origin. 

Asteroid or chlorotic spot which is of unknown etiology has been fre- 
quently encountered in nursery plantings where as high as 90 per cent of 
the seedlings may show symptoms. Severe symptoms result in stunting of 
both rootstock and scion growth. 

Cornell University, 

Ithaca, New York. 
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THE PEBVALENCB OP SBPTOEIA ON CEEEAL SEED 
IN CANADA^ 

J . E.Machacek- 
(Accepted for publication, August 3, 1944) 

In the autumn of 1937, the writer isolated from surface-sterilized Mani- 
toba-grown wheat seed several cultures of a pale buff-salmon fungus. Pure 
cultures of this fungus produced, after an interval of several weeks, a few 
pycnidia on or near the surface of the culture. Spores typical of Septorm 
nodorum Berk, were formed in these pycnidia. Some of the wheat glumes 
present in the seed sample also carried pycnidia of 8, nodorum. 

In 1939, and in the following four years, a large number (6,183) of 
wheat, oats, and barley seed samples, collected from all the provinces of 
Canada, were subjected to a mycological examination. A part of the results 
from this investigation has already been published.^ Prom this seed, Sep- 



Pig. 1. Seed-borne Septoria nodorum, A. Fungus (light-colored colonies) emerging 
from surface-sterilized wheat seed. B. Lesions on coleoptiles of seedlings from infected 
wheat seed. Photo by A. M. Brown. 

toria frequently was isolated. It was present most often in wheat seed and 
least often in oats seed. The relative prevalence of Septoria in these crops, 
as indicated by a plating-out test of surface-sterilized seed on potato-suerose 
agar, in each of the eight seed-inspection districts of Canada is given in 
table 1, and the appearance of the fungus, as it emerges from surface-steril- 
ized wheat seed, is shown in figure 1, A. 

When wheat seed infected with Septoria was planted in nonsterile soil 
or sand in the greenhouse, many of the resulting seedlings showed elongate 
brown flecks or streaks on their coleoptiles (Fig. 1, B). With a few heavily 
infected lots of seed, some of the seedlings were distorted and, in addition to 

1 Contribution No. 788 from the Division of Botany and Plant Pathology, Scion ct? 
Service, Dept, of Agriculture, Canada. 

2 Assistant Plant Pathologist. 

3 Greaney, P. J., and J. E. Machacek. Prevalence of seed-borne fungi in cereals in 
certain seed-inspection districts of Canada, 8el, Agr. 22 : 419-437. 1942. 
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tlie lesions on the coleoptiles, bore a few small lesions on the leaves. Septoria 
nodorum was isolated from lesions on the eoleoptiles and from lesions on the 
leaves. Lesions on the eoleoptiles also developed in the field. When infected 
seed of oats and barley was planted in soil or sand in the greenhouse, the 
seedlings were free from lesions and were not distorted. 

Coleoptile and leaf lesions, as well as stem distortion, were prevented 
when infected wheat seed was treated with New Improved Ceresan at the 
rate of one-half ounce per bushel, or with other organic mercury dusts at the 
recommended rates. 


TABLE 1,-—The reJative prevalence of Septoria on the seed of wlieatj oats, and 
harley in each of 8 seed-inspection districts of Canada during 1939-^1943, and the percent- 
age of infected seeds in the most severely infected seed samples in each district 


Inspection 

district 

Crop 

Mean percentage of 
infected seeds 

Highest percentage of 
infected seeds 

1939 

§ 

Oi 

1 ^ ■■ 

1941 

1942 

1943 

1939 

1940 

tH 

OS 

tH 

1942 

1943 

Maritime 

Wheat 

1.35 

0.00 

17.84 

19.63 

12.29 

1 

7 

0 

77 

68 

49 

Provinces 

Oats 

0.20 

0.00 

0.04 

0.03 

0.05 

1 

0 

1 

1 

1 

(Dist. 1) 

Barley 

0.03 

0.25 

1.00 

0.12 

0.55 

1 

1 

13 

1 

6 

Quebec 

Wheat 

0.57 

0.00 

1.20 

1.28 

5.40 

2 

0 

16 

16 

47 

(Dist. 2) 

Oats 

0.00 

0.04 

0.00 

0.04 

0.11 

0 

1 

0 

; 1 

2 


Barley 

0.14 

0.13 

0.00 

0.12 

0.06 

2 

1 

0 

1 

1 

Eastern 

Wheat 

0.00 

0.00 

0.63 

1.16 

0.94 

6 

0 

16 

8 

24 

Ontario 

Oats 

0.12 

0.00 

0.00 

0.00 

0.11 

1 

0 

0 

0 

1 

(Dist. 3) 

Barley 

0.00 

0.00 

0.04 

0.00 

0.48 

0 

0 

1 

1:0 

14 

Western 

Wheat 

0.05 

0.06 

0.80 

0.60 , 

0.68 

1 

1 

7 

3 

5 

Ontario 

Oats 


0.00 

0.00 

0.00 1 

0.00 


0 

0 

0 

0 

(Dist. 4) 

Barley 


0.00 

0.11 

0.00 1 

0.16 


0 

2 

0 

2 

Manitoba 

Wheat 

0.02 

0.07 

0.01 

0.74 

1.09 

2 

3 

2 

12 

8 

(Dist. 5) 

Oats 

0.10 

0.01 

0.00 

0.12 

0.49 

1 

1 

1 

2 

4 


Barley 

0.01 

0.06 

0.00 

0.50 

1.09 

1 

3 

0 

10 

21 

Saskatebewan 

Wheat 

0.03 


0.06 

1.16 

1.27 

4 


1 

5 

12 

(Dist. 6) 

Oats 

0.03 


0.06 

0.04 

0.43 1 

1 


1 

1 

4 


Barley 

0.04 


0.13 ; 

1.88 

5.02 

1 


2 

12 

23 

Alberta 

Wheat 

0.10 


0.50 

1.40 

0.94 

6 


3 

7 

7 

(Dist. 7) 

Oats 

0.00 


0.00 

0.20 

0.68 

0 


0 

5 

10 


Barley 

0.16 


0.36 

2.34 

3.96 

5 


5 

23 

23 

British 

Wheat 

0.06 


0.00 

0.66 

0.63 

1 


0 

6 

8 

Columbia 

Oats 

0.12 


0.00 

0.00 

0.11 

1 


0 

0 

2 

(Dist. 8) 

Barley 

0.00 


0.00 

0.09 

0.45 

0 


0 

1 

2 


In seed from the Maritime Provinces and from Quebec, more disease was 
present in wheat than in barley (Table 1) . The opposite situation was found 
in the seed from Saskatchewan and Alberta, particularly in 1942 and 1943. 
This finding suggested the presence of two specialized strains or species of 
Sepioriaw. the seed, one of which was more abundant in Eastern Canada and 
attacked primarily wheat while the other was more abundant on barley in 
Western Canada than on wheat. 

A comparison of a large number of cultures derived from seed produced 
in both regions showed that the cultures from Eastern Canada generally 
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produced pycnidia more abundantly than did those from Western Canada 
and that the surface mycelium of the former cultures was generally less 
cottony than that of the latter. During the early stage of growth, however, 
it was impossible to distinguish with certainty the two types of cultures. 

A large number of cultures, derived from seed produced in both areas, 
were submitted to Dr. T. Johnson of this laboratory, for a critical examina- 
tion. He found that the cultures from Western Canada, as a rule, produced 
pycnospores distinctly longer and thicker than those formed by the cultures 
from Eastern Canada. The size and appearance of the spores from the 
Western Canada cultures excluded the possibility that the fungu.^ was either 
Septoria tritici Desm. or S', passenm Sacc., and tests with suitable hosts 
excluded /S. avenae Frank. The majority of the cultures from Eastern 
Canada were identified as S, nodorum. 

It is difficult to understand why Septoria nodorum has not been recog- 
nized earlier as a common seed-borne, disease-producing organism. Prom a 
study of cereal seed during the past five years, the fungus appears to be 
abundantly present in Eastern Canadian wheat seed — one seed sample from 
the 1942 crop, when sown in soil, gave rise to seedlings of which 88 per cent 
were lesioned. Kosen^ implied that 8. nodorum was seed-borne, but did not 
actually prove it. The tardiness with which most of the cultures from seed 
sporulate probably has been one of the reasons wffiy the occurrence of the 
fungus on seed has attracted so little attention. 

Dominion Laboratory op Plant Patholooy, 

Winnipeg, Manitoba, Canada. 

^Bosen, H. B. Septoria glume blotch of wheat. Ark. Agr. Exp. Sta. Tech. Bull. 
175 . 1921 . 


SALTS AS ANTIDOTES TO COPPER IN ITS TOXICITY TO THE 
CONIDIA OF SCLEROTINIA PRUCTICOLA" 

P A U L B . M A R S H 2 

(Accepted for publication August 10, 1944) 

The eonidia of Sclerotinia fructicola are very sensitive to the fungicidal 
action of copper. Lin (4) has reported, however, that the toxicity of copper 
sulphate to these spores may be strikingly decreased by any one of several 
inorganic salts. The data presented here confirm the existence of Lin ’s 
“copper antidoting’’ phenomenon and provide certain new information con- 
cerning it. 

S^i’muaation of the eonidia of 8. fructicolct/ brought about by addi- 
tion of an antidoting salt to a eopper-sulphate-eontaining medium has been 
found to be associated with a decrease in the amount of copper absorbed by 
the spore. The protective phenomenon may be observed also in the respi- 
ratory behavior of the spores. Data on these and related points are discussed 
from the standpoint of the physiology of spore germination and the mecha- 
iiism of tlie toxic action of copper. 

materials and methods 

Three different measurements have been made on the eonidia of Sclero- 
Unia fructicola ^percentage germination, respiratory rate, and copper 
absorption. Spore-germination experiments were in Pyrex Petri dishes 
containing glass-distilled water, copper sulphate, glucose, spores, and in some 
cases, an antidoting salt. Spores for these experiments were obtained by 
adding a little water to 10-14-day-old Petri-dish cultures on potato-dextrose 
agar, dislodging the spores with a camel’s hair brush, filtering through 
Kleenex to remove hyphal fragments, and washing the spores by three suc- 
cessive centrifugations in 50-ml. portions of glass-distilled water. Spore 
germination connts were made after 20 hours at 26° C. 

In the spore germination experiments (Table 1), ‘spore concentrations 
were adjusted to approximately 25,000 spores per ml. In the copper absorp- 
f experiments, the concentrations ranged from 300,000 to 

1,000 000 per ml. In early experiments, a Levy counting chamber was used 
to determine spore concentrations. A more rapid method adopted in later 
experiments utilized the measurement of light absorption by the suspensions 
in a photoelectric colorimeter. 

In determining the rate of oxygen consumption by the spores, the Fenn 
(1) miero-respirometer was used. This instrument consists essentially of a 
small glass experimental vessel which is closed to the atmosphere when in 
operation but connected with a graduated capillary containing an index 
drop which IS free to move in response to the consumption of oxygen by the 

fuimifenr^efhe reJuiremenS formal de^e^ of DoetOTo^fPhU in partial 

5 The writer w4es to • 

helpful comments during the course of this study. f-rof. V. L. Frampton for 
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respiring tissue. The carbon dioxide of respiration is absorbed by KOH in 
an inset in the experimental vessel. The miero-respirometers used had a 
volume of 11 ml. in the experimental vessels and capillary volumes close 
to 3.5 mm.^ per linear centimeter. They were rocked in a water bath held 
at a constant temperature of 26° C. 

Except where otherwise indicated, copper was determined eolorimetri- 
cally by the use of sodium diethyl dithiocarbamate. The reagent has been 
studied by Greenleaf (3) and others. In determining copper in the super- 
natant fluid after germination, 5 ml. of the supernatant fluid was pipetted 
into the 10-ml. absorption cell of a Cenco-Sheard-Sanford photelometer. 
To this was added 1 ml. of a 0.01 per cent carbamate reagent, and glass- 
distilled water to a total volume of 10 ml. The concentration of copper was 
determined from a previously prepared calibration curve. Determination 
of copper by this method was very satisfactory over a range of concentra- 


TABLE 1. — Effect of single salts in antidoting the inhibitory effect of copper sul- 
phate on germination of the oonidia of Sclerotinia fructieola 


Salt eone. 

Percentage germination in 4xlO-'^M CUSO4 plus 

0.01 per cent glucose and : 

MgS04 

GaCla 

: KCl 

0 

1.2 

0.8 

2.9 

10-® M 

54.0 

31.0 

3.9 

10-^ M 

67.0 

62.0 

2.6 

10-«M 

78.0 

83.0 

3.9 

lO-^M 



59.0 


tions from 10'^ M to 10‘^ M, i.e., from about 0.6 gamma per ml. to 6 gamma 
per ml. Copper determinations with potassium ethyl xanthate were accord- 
ing to the same procedure used with the dithiocarbamate. 

In determinations of the copper content of the conidia themselves, the 
spores were flrst ignited in porcelain crucibles at a temperature below red 
heat in a muffle furnace. After the crucibles had cooled, a small amount of 
concentrated nitric acid was added; this was evaporated off on a hot plate 
and replaced by about 2 ml. of concentrated ammonia. After 4 or 5 hours, 
water and carbamate reagent were added and the determination completed. 

"Water used in the germination medium and in respiration and copper 
absorption determinations was prepared by redistillation of ordinary dis- 
tilled water in a Pyrex glass still. The glucose used was prepared by re- 
crystallization of Baker’s reagent grade glucose. All other chemicals were 
of reagent grade. All glassware was cleaned in diehromate-sulphuric acid 
cleaning solution and rinsed thoroughly in tap water, distilled water, and 
glass-distilled water before use. 

experimental results 

Table 1 presents the results of 3 spore-germination experiments and 
demonstrates the protective action of salts in the presence of copper sulphate. 
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TABLE 2 . — Magnesium sulphate protects conidia of Solerotmia fructicola against 
poisoning of respiration by copper sulphate; antagonises effect of copper sulphate on 
germination 


Hour 

Cubic mm. O2 consumption per million spores 

Control 

In SxlO-'M CuSOi 

In 2 x10-" M CUSO4 
plus 2 X 10-^ M 
MgSO, 

1st 

7.87 

3.18 

5.01 

2iid 

9.06 

1.68 

4.37 

3rd 

9.26 

2.05 

4.15 

4tli 

9.65 

1.49 

4.82 

5tli 

9.70 

1.14 

4.95 

6tli 

9.16 i 

0.86 

5.00 

7th 

9.11 

0.93 

5.00 


Percentage germination after 8 br. 


95 

; O' I 

1 40 


Each germination plate contained 4 x lO"”^ M copper sulphate and 0.01 per 
cent glucose ; the salt concentrations ranged from zero to as high as 10"^ M 
for the KCL It will be noted that mol for mol KCl was less effective as a 
protective agent than either MgSO^ or CaCla. 

Figures 1 and 2 and table 2 present the protective phenomenon as it may 
be observed in the respiratory rates of the spores. Equal amounts of a 
conidial suspension in 1 per cent glucose were placed in each of three Fenn 
(1) micro-respirometer vessels. Copper sulphate was added to one vessel 
and copper sulphate plus magnesium sulphate to a second vessel, while the 
third vessel was left as a control, containing neither copper sulphate nor 
added salt. Magnesium sulphate protects the conidia against respiratory 
poisoning by copper sulphate. Table 3 shows that calcium chloride exerts 
a similar protective action. 

When supplied in suitable concentration, calcium chloride or magnesium 
sulphate will partially, or in some cases almost completely, prevent the ab- 


TABLE 3. Calcium chloride protects conidia of Sclerotinia fructicola against poi- 
soning of respiration by copper sulphate; antidotes the effect of copper sulphate on ger- 
mination 



Cubic mm. O2 consumption per million spores 

Hour 

Control 


In 2 X 10-‘ M CuSOi 


In 2 X 10-‘ M CnSO^ 

plus 2 X 10-^ M 




CaCls 

1st 

9.66 

1.70 

6.17 

2nd 

3rd 

4th 1 

5th 

6th 

8.19 

8.00 

9.95 

9.49 

9.39 

1.72 

1.63 

1.17 

0.85 

1.03 

, 5.75 

6.62 

8.31 

8.06 

7.31 


Percentage germination after 18 hr. 


93 

0.02 

87 




I 


1945] 


Marsh; Salts as Antidotes to Copper 


57 


sorption of copper from a copper sulphate solution by eonidia of the brown- 
rot fungus. This fact is clearly apparent from the data in figure 3 The 
experiments whose results are shown in figure 3 were carried out by adding 
to each of a pair of Pyrex Petri dishes 5 ml. of a spore suspension in 2 per 
cent glucose, then 1 ml. of 0.1 M CaCl^ (or MgSO,) to one of the plates, and 



TIME ELAPSED - MINUTES 


O CONTROL 9 ,0001 M. COPPER SULPHATE 

d .0001 M. COPPER SULPHATE PLUS .01 M 
MAGNESIUM SULPHATE 


Figs. 1 and 2. Magnesium sulphate protects eonidia of BderoUnia fructicola 
against respiratory poisoning by copper sulphate. 

finally 1 ml. of 10*® M CUSO 4 and water to a total volume of 10 ml. to each 
plate. After 20 hours, the spores were centrifuged out of suspension and 
copper determinations made with the dithioearbamate reagent. In experi- 
ments C-1 to C-10 inclusive, copper determinations were made on the suptm- 
natant fluid remaining over the spores after centrifuging the suspensions. 
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In experiments C~ll to C-14 and M-11 and M-12, copper analyses were 
made on the spores themselves. Spore germination in the copper absorption 
experiments was in all eases very much higher in the presence of the anti- 
doting salt than in its absence. The germination figures for experiments 
C-1 to C~10 were 91, 95, 90, 95, 90, 92, 80, 64, 90, and 88 per cent for the 
'"pins salt’’ plates and 2, 1, 1, 2, 0, 1, 0, 0.5, 1, and 0 per cent for the corre- 
sponding ''minus salt” plates; similarly in the M series, germination per- 
centages in the "plus salt” plates were 92, 96, 93, 84, 86, 91, 90, 92, 86, and 89 

CALCIUM CHLORIDE SERIES 


C-l C-2 C-3 C-4 C-5 C-6 C-7 C-8 C-9 C*IO C*I1 C-12 C-13 C-14 C-15 


MAGNESIUM SULPHATE SERIES 



■li 


M-l M-2 M-4 M-5 M-6 M-7 M-8 M-9 M-IO M-ll M-J2 

3. ^Calcium chloride and magnesium sulphate depress the absorption of copper 
by eomdia of S. fruoUoola from a copper sulphate solutiou. Total bar shows copper ab- 
sorbed m absence of salt, blackened portion the same in the presence of salt. 

as compared with. 0 , 1 , 0 , 0 , 0 , 0 , 1 , 1 , 2 , and 1 in the corresponding “minus 
salt” plates. 

Salt depression of copper absorption may he observed after a very short 
absorption interval. In two 10-minute experiments, carbamate analysis of 
the supernatant fluid resulted in values of 0.36 and 0.45 gammas of copper 
absorbed per million spores in the presence of lO-Md CaOh and 10-*M 
CUSO 4 as compared with 2.50 and 2.30 gammas absorbed in the presence of 
the copper sulphate alone. Similar experiments with MgSO^ yielded values 
of 0.49 and 0.51 gammas absorbed in the presence of the 10-^ M MgS 04 and 



1945] Marsh; Salts as Antidotes to Copper 59 

10"^ M GnS04 as compared with 1.59, 2.39, and 3.12 gammas absorbed in the 
absence of the protective salt. The 10-minnte experiments differed from 
those of figure 3 in that no glucose or other carbon or energy source was 
supplied. The phenomenon of salt depression of copper absorption is thus 
rapid and not dependent on an external energy source for the spores. In the 
10-minute experiments, the Petri dishes were rocked gently so that diffusion 
solution would not limit the rate of copper absorption. 

Experiments early in the course of the work had shown that neither 
CaCls nor MgS04 interfered in the carbamate determination of copper ; it 
was easily demonstrated further that when a known amount of copper sul- 
phate was added to a supernatant fluid recovered from a spore suspension 
which had germinated in the presence of copper sulphate and either CaCh 
or MgS04, this known increment of copper could be closely checked by 
carbamate copper analysis. As a final check, however, experiments were 


TABLE 4 . — Effect of potassium chloride on the ahsorption of copper from a copper 
sulphate sohition (lO-'* M) hy conidia of Sclerotinia fructicola 


Exp. No. 

Molarity of 
KCl 

Copper absorption and i:)ercentage germination witli KCl 

Present 

Absent 

Gammas Cu 
per million 
spores 

Per cent 
germination 

! Gammas Ou 
per million 
spores 

Per cent ' 
germination 

K-1 ......... 

0.01 

2.22 

0 

2.62 

0 

K~2 

0.1 

2.82 

0 

4.06 

0 

K-3 

0.5 

0.51 

5 

3.10 

0 

K-4 

1.0 

0.0 

78 

4.36 

0 


caiTied out in which an entirely different reagent was used for determining 
copper, namely potassium ethyl xanthate. In three 10-minute absorption 
experiments, using 10"^ M CaCh as antidote to lO'^^M CUSO4, the copper 
absorption was 8.10, 4.49, and 4.14 gammas per million spores in the absence 
of the salt and essentially zero, or below the limit of determination, in its 
presence. In similar experiments with 10“^ M MgS04, the absorption values 
were 6.89 and 8.86 gammas in the absence of salt and zero in its presence. 

Table 1 shows that the minimum effective ratio of KCl to CUSO4 which is 
required for antidoting action to be observed in spore germination differ- 
ences is very much higher than the same ratio for CaClg or for MgS04. 
Similarly, the minimum effective ratio of KGl to CUSO4 required to influ- 
ence copper absorption is very high. Results with a range of concentrations 
of KGl are in table 4. Germination in the higher concentrations of KCl is 
somewhat slower than ordinary, but the germ tubes are normal in appear- 
ance. 

DISCUSSION,, 

The absorptive capacity of the conidia of Sclerotinia fructicola for copper 
in terms of copper per unit volume of spore is high. It is thus possible for 
conidia of this fungus in contact with a dilute copper sulphate solution to 
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absorb a large proportion of the copper from the surrounding liquid medium. 
This fact, in conjunction with the circumstance that the actual quantity of 
living material per unit volume in spore suspensions of the density ordi- 
narily used in spore germination work is extremely low, offers at least a 
partial explanation of the extraordinarily low concentrations of copper 
which are effective in preventing germination of the conidia of 8. fructicola. 
In experiment C-1, for example, the total number of gammas of copper 
present in the “minus salt” dish was 62.5. At the end of the experiment 
19.2 gammas of copper had moved into the spores, whose total volume was 
only about 0.22 per cent of the total volume of the suspension. The concen- 
tration of copper per unit volume of spores at the end of the experiment was 
thus 1,930 times as great as in the external medium. Similar calculations 
for experiments C-1 to C-10 and M-1 to M-10 revealed that in some cases 
the concentration of copper in the spores was as much as 4,000 times as high 
as in the external medium. 

When a salt presented singly to an organism inhibits its normal growth 
or activity but this inhibitory effect is diminished by addition of a second 
salt, the phenomenon observed is usually called ion antagonism. According 
to this definition, the copper-antidoting phenomenon here described is a ease 
of ion antagonism. While much has been written concerning a relation be- 
tween ion antagonism and ion absorption, actual experimental data on the 
point are very meager. The data here presented are thus of theoretical 
interest from the standpoint of the understanding of ion antagonism reac- 
tions in general. 

While salts such as MgS 04 , CaCh, and KCl antidote the toxic action of 
copper toward the conidia of 8. fructicola, it appears from the experiments 
here reported that these conidia do not require the addition of such salts or 
indeed of any other materials beside pure glucose and pure water to enable 
them to germinate in the absence of toxic materials. In this respect the 
author’s results are at variance with those of McCallan and Wileoxon (5) 
and those of Goldsworthy and Green (2). The cause of this difference in 
results has not been ascertained and might be difficult to prove. The possi- 
bility cannot be overlooked, however, that traces of toxic metals were present 
in the ordinary distilled water used by these investigators and that the func- 
tion of oranp juice or other natural decoctions necessary to secure hio-li 
prmmation in the check plates was related to their content of heavy-metal- 
inactivating salts and proteins. 

SUMMARY 

Experiments are described which deal with the toxic action of copper 
sulphate on the eomdia of 8elerotima fructicola. It is shown that calcium 
sulphate, or potassium chloride may counteract or anti- 
dote the inhibitory effect of copper sulphate on the germination of these 
spores ; this confirms the observations of Lin (4) . 

The copper-antidotmg action of salts may be observed in the respiratory 
rates 01 the spores. 
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High germination of the spores brought about by the protective action 
of salts is associated with decreased copper absorption. 

The spores of this fungus have a very high affinity for copper, being able 
to concentrate it within themselves from a very dilute solution. 

Plant Industry Station, 

Bbltsville, Maryland. 
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TABLE 1. The number of accessions of various grass species infected after inocula- 
t%on With 5 cultures of Mrysiphe grainiTiis from 3 species of JPoa 


Species testeda 


Culture No. and source species 


F. 

P. 

P. 

p. 

p. 

pratensis 

ampla 

palustris 

pratensis 

pratensis 

1 

14 

20 

21 

22 

Number of accessions infected^ 

0/2 

0/1 





0/1 


0/1 

... 

0/1 



0/1 


0/4 

0/4 

0/1 

0/4 


: 0/1 

0/1 

0/1 

0/1 


0/12 

0/11 

0/4 

0/1 


0/1 


0/1 

0/1 


0/1 


0/1 

0/1 


0/1 

0/1 

0/1 

0/1 


0/5 

0/5 

0/2 

0/5 


0/1 

0/1 

0/1 

0/1 


0/13 

0/11 

0/2 

0/12 



0/1 


0/1 


0/1 

0/1 


0/1 


0/13 

0/14 

0/3 

0/13 


0/4 

0/4 

0/4 

0/4 

0/5 

0/1 

0/1 

0/1 

0/1 

0/1 




0/1 


0/1 

0/1 

0/1 

0/1 

0/1 





0/1 


0/1 


0/1 



0/1 





0/1 


0/1 

0/1 


0/3 

0/1 

0/2 

0/2 





0/1 

0/1 

0/1 

0/1 

0/1 

0/1- 

0/1 

0/1 

0/1 



0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

1/1 

0/1 

0/2 

0/2 


0/2 


0/1 

0/1 


0/1 



0/2 

0/2 

0/2 


i)/3 

0/3 


0/3 


0/1 

0/1 


0/1 


0/6 

0/6 

0/2 

0/6 


0/2 

0/2 


0/2 


0/2 

0/2 


0/2 


0/1 

0/1 


0/1 


0/7 

0/8 

0/2 

0/8 


0/2 

0/2 


0/2 



0/1 

0/1 


0/1 


0/2 

0/2 


■ 0/2' ' 


0/1 

0/1 


0/1 


0/1 

0/1 


0/1 


0/1 

0/1 


■' 0/r ; 


0/1 

0/1 


■„ 0/1' ■■ 

1 

0/1 

0/1 

■ ■ 

0/1 

1 


Aegilops crassa Boiss. 

A. cylindrica Host 

A. triuncialis L. 


Agropyron cauinum (L.) Beauv. 

A. cristatim (h,) Beauv. 

A, desertorum (Fisch.) Schult 

A, inerine (Scribn. and Smith) 

Bydb. 

A. intermedium (Host) Beauv. 

A. repens (L.) Beauv. 

A. semicostatum (Steud.) Nees 

A, sibiricum (Willd.) Beauv. 

A. smitliii Rydb 

A. spicatum (Pursh) Scribn. and 

Smith 

A. striatum (Steud.) Nees ex Hook. 

A. suh secundum (Link) Hitche. 

A, trachycaulum (Link) Malte 

Agrostis alba L 

A, exarata Trin 

A, liiemalis (Walt.) B.S.P 

A. palustris Huds. 

A. scabra Willd. ... 

A. spica-venti L 

A, stolonifera L. 

Alopecurus aeqiialis Sobol 

A. pratensis L ........ 

Anthoxanthum odoratum L. 

ArrJienatherum elaiius (L.) Mert. 

and Koch. 

A vena sativa L 

Bechmannia erucaeformis (L.) Host 

B. sysigachne (Steud.) Fernald ...... 

Bromus arvensis L. 

B. brimeformis Fiseh. and Mey. ...... 

B. carinatus Hook, and Arn. 

B, catharticus Vahl 

B. commutatus Sehrad. 

B, inermis Leyss. 

B. japonicus Thunb. 

B, macrostachys L, ....................................... 

B, macrostachys var. lanuginosus 

Boiss. 

B, marginatus Nees 

B. mollis L. 

B, polyanthus Scribn, ... 

B. purgans L 

B. rigidus Both 

B. rub ens L 

B. secdlinus var. velutinus (Sehrad.) 

Koch 

B, sguarrosus L 

B, tectorum L 
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TABLE 1— {Continued) 


Species tested^ 

Culture No. and source species 

P. 

pratensis 

P. 

ampla 

P. 

palustris 

p. 

prate7isis 

P. 

pratensis 

1 

14 

20 

21 

22 

Number of accessions inf ee.ted*J 

B. teciorum var. glahratus Spenner 

0/1 

0/1 


0/1 


B. mdgaris (Hook.) Shear 

0/1 

0/1 


0/1 


Bactylis glomerata L. 

0/8 

0/8 

0/8 

0/8 

0/8 

Deschampsia caespitosa (L.) Beauv. 

1/1 

0/1 

0/2 

0/2 

0/2 

H. danthonioides (Trin.) Mmiro ...... 


1/1 


1/1 

0/1 

Elymns canadensis L. 

0/5 

0/4 

0/2 

0/5 


E, condensatus Presl 

0/4 

0/4 

0/1 

0/4 


E. daJmricus Turcz 

0/1 

0/1 

0/1 

0/1 


E, glauous Buekl 

0/4 

0/3 


0/3 


E. junceus Fisch 

0/1 

0/1 


0/1 


E. sihificus L. 


0/1 




E. triticoides Buekl. 

0/1 

0/1 

0/1 

0/1 


E. villosus Muhl. 


0/1 




E, virginiens L 

0/3 

0/4 


0/4 


E. virginieus var. glahriflorus 






(Vasey) Bush 

0/1 

0/1 




E. virginiens ...var, intermedins 






(Vasey) Bush 


0/1 




Festuca elatior L 

0/1 

0/1 


0/1 

0/1 

F. elatior var. arundinacea (Schreb.) 






Wimm 

0/1 

0/1 


0/1 

0/1 

F. gigantea (L.) Yill. 

0/1 



0/1 

0/1 

F, idaJioensis Elmer 


0/1 

0/1 

1/1 

0/1 

F. ohtnsa Spreng. 


0/1 




F. occidentalis Hook 


1/1 


1/1 


F, octoflora Walt 


1/1 


1/1 

0/1 

F. ovina L 


0/1 




F. ruhra L. 

1/1 

0/2 


0/1 

0/1 

F. ruhra var. commutata Gaud. 

1/1 

0/1 


1/1 

0/1 

F. scahrella Torr. 


0/1 




F. thurheri YsiB&y 


1/1 


1/1 

0/1 

F. viridnla Vasey 


0/1 




Eolcus lanatus L. 

0/1 

0/1 


0/1 

0/1 

Eordeum hulhosum L 


0/1 ‘ 




H. gnssoneanum Pari 


0/1 


0/1 


H. jubatum h. 




0/1 


E, pihatum var. caespitosum 






(Scribn.) Hitchc. 

0/1 

0/1 




E, mirinum L. 

0/1 



0/1 


JSr. nodosum L 




0/1 


E. vulgare L 

0/2 

0/2 

0/2 

0/2 


Eystrix patula Moench 



0/1 



Koeleria cristata (L.) Pers 

B/5 

3/7 

0/6 

2/4 

0/5 

XoliuM multiflorum Lam 

0/1 

0/1 ■ 

0/1 

0/1 


perenne L 

0/1 

0/1 

0/1 

0/1 


Milinm efusum L. 


0/1 



0/1 

Fhalaris arundinacea L. 

1/1 

0/1 

0/1 

0/1 

0/1 

.Fhleum pratense L 

2/3 

0/3 

0/3 

3/3 

1 0/3 

Poa ampla Merr 

3/7 

21/30 

0/7 

0/30 

0/13 

T. araehnifera Torr. 


0/1 


1/1 

0/1 

P. arotica B. Br. 

1/1 

1/1 


1/1 

0/1 

JP. arida Vasey 


1/1 


0 /I 

0/1 

P. hiilhosa L. 

1/1 

2/4 

0/1 

U/J. 

0/4 

V/l 

0/6 
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TABLE 1 — (Contimied) 


Siiecies testeda 

Culture No. and source species 

P. 

pratensis 

p. 

ampla 

p. 

palustris 

P. 

pratensis 

, p, 

pratensis 

1 

14 

20 

21 

22 

Number of accessions inf ected^ 

P. canhyi (Scribn.) Piper 

0/3 

6/8 

0/3 

0/8 

0/5 

P. compressa L 

2/3 

2/3 

1/3 

2/3 

0/5 

P. mirta Rydb. 

1/1 

0/1 

0/1 

1/1 

0/1 

P. eusicMi Vasey 

1/1 

1/2 

1/1 

2/2 

1/1 

P. epilis Scribn. ... 

1/1 

1/2 

0/1 

1/1 

0/2 

P. gracilUma Vasey 

1/2 

3/3 

0/2 

1/3 

0/2 

P. interior Rydb. 


0/1 


0/1 

0/1 

P. juncifolia Scribn. 

0/2 

4/5 

0/2 

0/5 

0/6 

P. nemoralis L. 

1/3 

3/7 

0/1 

0/6 

0/8 

P. nervosa (Hook.) Vasey 


0/2 


0/2 

0/2 

P. nevadensis Vasey 

2/3 

6/6 

0/3 

0/6 

0/4 

P. palustris L. 

1/2 

2/6 

4/4 

2/7' 

2/4 

P. pratensis L. 

11/12 

1/16 

2/11 

14/15 

42/88 

P. scahrella (Thurb.) Bentli. i 

0/1 

3/3 

0/1 

0/3 

0/3 

P. secunda Presl 

2/3 

6/6 

0/3 

0/6 

1/8 

P. spJiondyloides Trin 

2/3 

5/5 

0/3 

1/4 

1/5 

P. sterilis Bieb 


0/1 


1/1 

1/1 

P tfiri'ii'i’y/.Z'j.Q Ti 





1/2' 

Polypogon monspeliensis (L.) Pesf. 



0/1 

0/1 

0/1 

PuccinelUa distayis (L.) Pari 


1/1 

0/1 

1/1 

0/1 

Secale cereale L 

0/1 

0/1 

0/1 

0/1 


Sitanion liystrix (Nutt.) J. Gr. 






Smith 

0/1 

0/1 

0/1 

0/1 


S. jubatum J. G-. Smith 

0/1 

0/1 

0/1 



Trisetum fiavescens (L.) Beauv 


0/1 

0/1 

1/1 

0/1 

T. spicatmi (L.) Richt 


0/1 


1/1 

0/1 

Triticum aestivum L 

0/1 

0/1 

0/1 

0/1 



a Hitchcock (2) was followed wherever possible for the nomenclature of the grasses, 
b Numerator of fraction refers to number of accessions infected; denominator refers 
to total number of accessions tested. The term accession is explained under Materials 
and Methods. 

MATERIALS AND METHODS 

Selected groups of 398 accessions of the grass species listed in table 1 
were used. The methods of handling fungus cultures and grasses have been 
described in detail in another paper (1). Grass seedlings were inoculated 
by atomizing their leaves with an aiiueous suspension of fresh conidia and 
covering the inoculated plants with wet muslin for 24 to 48 hours. The 
classes of reaction used in recording notes were those of Mains and Dietz 
(3, p. 231). 

The term “grass accession” in this paper refers to a numbered collection 
which represents a sample of the population of any one grass species. In 
most cases, these collections are genetically variable. Many ot them were 
cibtained from the Soil Conservation Service and represented seed produced 
from their collections grown in row' nurseries. The specific itlentifications 
of these grass accessions were checked by the personnel of the Soil Conserva- 
tion Service. Recognizing the possibilities of error both in previous identifi- 
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cations and in harvesting and preparation of nnrsery seed samples, a number 
of plants of all grass accessions used were grown to maturity. Kepresenta- 
tive samples of most accessions were sent to Mr. J. E. Swallen, Division of 
Plant Exploration and Introduction, U. S. Department of Agriculture, for 
verification. Likewise, careful personal attention was given to the gross 
morphology of both adult and seedling plants. The possibility of species 
mixtures was under constant surveillance, and particularly when unusual 
infection results were obtained. These precautions should give reasonable 
assurance of accuracy in regard to the specific identity of the grasses. 

RESULTS % ■ 

In table 1 are the general results of inoculating from 1 to many accessions 
of 116 species and 8 varieties of grasses with 5 cultures of Erysiphe grammis 
from 3 species of Poa. These results demonstrate that powdery mildew from 
Poa is not necessarily restricted to species of this genus. The large-scale 
negative results permit a clearer understanding of the host range of Poa 
mildews. The grass accessions listed as infected in table 1 include all cases 
where definite infection was recorded. 

Distinction is made between resistant and susceptible types of reaction of 
grass accessions in table 2. The 38 accessions of various grass species listed 
in table 2 were chosen because their reactions are most significant in illus- 
trating differences in the pathogenicity of the 5 mildew cultures and in the 
host range of Poa mildews. If only resistant types of reaction are found in 
grass accessions of certain grass species, these may be important clues to a 
more complete understanding of the host range, since other untested collec- 
tions of the species may be very susceptible. This is especially true when a 
restricted number of collections of grass species are tested. 

Culture 1. On Poa pratensis, from Ann ArhoTj Michigan 

Many species of Poa were infected by culture 1 and, in addition, Bes- 
champsia caespitosa^ Festuca rtchra, P. rubra var. commutata^ Koeleria cris- 
tata, Phalaris amndinacea^ and Phleum pratense. The largest number of 
susceptible bluegrasses are among the related species of the Pratenses and 
Epiles groups of the genus Poa,^ Culture 1 was neither as vigorous nor as 
destructive as cultures 21 or 22 also from P. pratensis. 

Culture 21. On Poa pratensis, from Mandan, North Dakota 

Culture 21 was collected by Dr. Roderick Sprague and the writer at the 
Northern Great Plains Field Station. This vigorous culture infected more 
accessions and species of Poa as well as more species of other genera than did 
culture 1. Besides bluegrasses, infection was produced on species of Beck- 
manma, Desohampsia, Festuca, Koeleria, Phleum, Puccinellia, hndi Trisetum. 
Susceptible collections of bluegrasses were primarily among the related spe- 
cies of the Pratenses grmp of the genus Poa. 

3 The taxonomic subsections of the genus Poa are taken from Hitchcock (2). 
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TABLE 2. — Reactions of ^8 accessions of grasses to '3 cultures of JErysiphe graminis 
from $ species of Poa 


G-rass accessionsa 


Culture No. and source species 


p. 

pratensis 

P. 

ampla 

P. 

palustris 

P. 

pratensis 

P. 

pratensis 

1 

14 

20 

21 

22 

Types of reaetioiib 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 


0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

0 

2 

0 


0 

0 

0 



0 

0 

0 

0 

0 

2- 


0 

0 

0 

0 

0 

0 

0 

0 


2- 


■■ 2 

0 


0 

0 

. 2 

0 


3 + 


2 + 

0 

2 

0 


4 ■ 

0 

0 

0 


0 

0 

0 

0 

0 

0 

0 

3- 

2 + 

0 

2 + 

0 

2 + 

2- 

0 

0 

0 


0 



0 

3- 

0 

0 

0 

■ 0 

3 

0 

0 

2+ i 

0 

0 i 

0 

0 

' 2^ 

0 


0 1 


4 , 

0 

0 ' 

4 

0 

0 

0 

4 

2 ~ 

2 + 

2+ ^ 

0 

4 

0 

0 

4 

0 

4 

0 

0 

' 4 . 

0 

0 

3 

0 

0 

0 

■■ '■■■2 ■ 

0 

3 

0-1 

0 

0 

1 + 

3 + 

0 

0 

3 

0 

0 

2 ■ 

0--1 

3 

0 

0 

0 

0 

3 

0 

0 

4 

0-1 


0 

0 

0 

0 


4 

0 

4 

0 


0 


2 

0 


0 


2 . 

0 


Agrostis exarata 21 

Agrostis palustris 22 

Alopecurus pratensis 234 

Arrhenatherum elatius 23 

Arena sativa 369 

Bechmannia erucaeformis 11 

Beclcmannia sysigacJine 12 

Bromus carinatus 229 

Dactylis glomerata 31 

Deschampsia caespiiosa 9 

Beschampsia caespitosa 10 

Deschampsia danthonioides 318 ...... 

Festuca idahoensis 250 

Festuca octoflora 323 

Festuca riibra var. commutata 85 

Eolcus lanatus 187 

Koeleria cristata 32 

Koeleria cristata 33 

Koeleria cristata ^4^ 

Milium effusum 223 

PJialaris arundinacea 13 

Fhleum pratense 15 

Fhleum pratense 16 .... 

Boa arachnifera 224 

Poa canhyi 43 

Poa compressa 49 

Poa compressa 50 

Poa curia 51 

Poa neradensis 59 

Poa palustris 57 

Poa palustris 65 

Poa pratensis 68 

Poa pratensis 69 

Poa pratensis 70 - 

Polypogon monspeliensis 230 

PuccinelUa distans 251 

Trisetum flavescens 228 

Triset um spieatum 329 


a Accession numbers assigned to grass collections by the writer. _ 

Classes of reaction expressed according to the system of Mains and Dietz (3) : 

0 — Highly resistant. Little or no mycelium. Chlorotic or necrotic spots on some 

hosts. . . 

X— Very resistant. Slight to moderate mycelium. No sporulation. Chlorotic or 
necrotic spots may develop. ^ i .. 

2— Moderately resistant. Moderate to abundant mycelium. Slight sponilation. 

Chlorotic or necrotic areas may develoj). 

3 — Moderately susceptible. Moderate to abundant mycelium. Moderate sporula- 

tion. 

4_Very susceptible. Abundant mycelium and sporulat ion. 

, — Indicates no test was made. 
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Culture 22. On Poa pratensis from Lexington^ Kentucky 

Culture 22 was eollected from plants in a well-established sod where the 
development of mildevr resulted in severe defoliation during the fall and 
early winter of 1942. In the spring of 1943 very little new growth appeared 
in the affected small area. Although the sod reached a fair development by 
midsummer, the loss of spring growth was substantial. 

Culture 22 infected fewer bluegrass species than cultures 1 and 21. No 
infection was produced outside of the genus Poa. As with culture 21, 
infected species are largely in the Pratenses group of the genus Poa. 

Culture 14. On Poa ampla from Pullman^ Washmg ton 

Culture 14 was staxded from infected plants sent by Dr. George W. 
Pischei*. It infected many collections of species of Poa and also Bescliampsia 
danthonioides., Festuca occidentalism F. octofloram F. thurl)erim Koeleria cris- 
tatam emd Puccimllia distans. Bluegrass species showing the greatest sus- 
ceptibility to this eultiire are among the Scabrellae and Nevadenses groups 
of the genus Poa. 

Culture 20. On Poa palustris from Pullman ^ Washington 

Onl}^ collections of Poa pahistris were moderately or very susceptible to 
culture 20. Resistant types of reaction were recorded on one accession each 
of Poa compressa and P. cusicki/i and two accessions of P. pratensis. The 
fact that no other bluegrasses were infected among the many species tested 
indicates that this culture may be rather closely restricted to P. palustris. 

The pathogenieally dilferent cultures may be easily distinguished on one 
accession each of four species of Poa: 


P. canbyi 43 highly resistant 
P. ciirfa 51 highly resistant 

P. pahistris 65 highly resistant Culture 22 

P. palustris 65 moderately susceptible Culture 20 

P. curta 51 very susceptible 

P. pralensis 69 highly resistant Culture 21 

P. pratensis 69 moderately susceptible Culture 1 

P. canbyi 43 very susceptible Culture 14 


DISCUSSION 

Bach of the 5 cultures studied was pathogenieally distinct, so that this 
work is the first definite record of pathogenic specialization within Erysiphe 
graminis from Poa. Three different mildew races occurred on P. pralensis^ 
and there are undoubtedly more yet to be isolated. Thus, strains of P. pra- 
tensis Tesktmt to mildew in one area very likely will be infected in other 
areas where different races of E. graminis probably occur or in the same area 
upon the introduction of new mildew races. 

Cultures 1, 21, and 22 from P. prateaisis infected primarily related species 
of the Praterises group ; culture 14 from P. a principally species among 
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the Scahrellae and Nevadenses groups; and culture 29 from P. palustrk 
almost exclusively species of the Palustres group of the genus Poa, This 
information will aid not only in understanding the host range and possible 
sources of inoculum of different races, but it also affects the evaluation of 
artificial and field tests of grass strains for mildew resistance. Mildew from 
P, ampla or P. palustris is probably of little consequence to the mildew prob- 
lem in P. pratensiSf since P. pratensis strains appear to be naturally resistant 
to those groups of mildew races. Likewise mildew races from P. pratensis 
appear not to be the ones responsible for damage to P. anipla^ P, palustris , 
and related species. 

Poa ampla, P. palustris, and P. pratensis and their relatives are growing 
in areas, especially the Pacific Northwest, where abundant peritheeia form 
on certain species of Poa and where hybridization between races of mildew 
and segregations for pathogenicity probably are occurring. There is proba- 
bly a natural selection of new races, screened out by the available host plants. 
Separation of Poa mildews into groups of races each of which infects a group 
of related grass species may be expected to parallel the groups of doininant 
species of Poa available as host plants. It is logical that mildew races that 
infect Poa pratensis should find closely related host species much more con- 
genial than distantly related species. However, this does not exclude the 
possibility of genetic combinations within the fungus that will enable a 
mildew race to infect many species in several subgeneric groups of the genus 
Poa. 

The mildews from Poa are not necessarily restricted to species of this 
genus. Several grasses can serve as common hosts for tw^o or more different 
Poa mildew races and furnish a ^‘breeding court for hybridization between 
widely different races. Puccinellia distans 251 was very susceptible to both 
culture 14 from Poa ampla and culture 21 from P. The oppor- 

tunity for hybridization between different pathogenic races may be much 
reduced on certain grasses such as Poa pratensis and P. pahtstris since peri- 
thecia are seldom found on these species. Peritheeia do form in abundance 
on P. ampla, P. canlyi, P. juncifolia and related species. 

Two instances of natural mixtures of several mildew races differing 
greatly in pathogenicity on the same grass plants and many instances where 
several races could occur on the same grass were described in a previous 
paper (1) . In Erysiphe graminis ihe^ production of new pathogenic races 
probably is limited only by the possible genetic combinations and by the 
sexual reproduction processes. Nothing has been reported concerning the 
nature of sexuality in E. graminis, but regardless of the exact nature of the 
processes involved, it is obvious that very pronounced segregations for 
pathogenicity have taken place. 

Collections within species of Poa vary considerably in reaction to powdery 
mildew, a fact of importance in the selection ^ breeding of strains For 
mildew resistance. Bluegrass collections resistant to all five mildew cultures 
are : Poa ampla, 38, 42, 55, P. camhyi 44, and P. juncifolia 56. Mildew resis- 
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tanee in these accessions is of considerable importance to agriculture in the 
Pacific Northwest where these bluegrass species constitute an important com- 
ponent of the native forage and where powdery mildew is a destructive dis- 
ease on these species. P. pratensis 66 was highly resistant to cultures 1, 14, 
and 22, very resistant to culture 20, and moderately resistant to culture 21. 
It may be a desirable source of powdery mildew resistance, especially if it is 
resistant to other diseases. 

In the genus Poa several very different modes of reproduction are known 
and improvement methods are adjusted to meet the problems in individual 
species. Strains of P . pratensis have been isolated which are high-yieldino- 
when free of disease but which are susceptible to one or more destructive dis^ 
eases. Improvement of such strains might be accomplished in several ways. 
Plants arising from occasional fertilization in apomietie strains and the 
possible segregations from both selfed and open-pollinated fertile strains 
might provide genetic recombinations resistant to one or more diseases to 
which the parents are susceptible. The high degree of apomietie reproduc- 
tion in Poa pratensis has discouraged hybridization, and individual plant 
selection methods are largely utilized. However, successful hybrids between 
Texas bluegrass (P. arachnifera) and Kentucky bluegrass (P. pratensis) 
have been reported (7, pp. 1060, 1090) which compare favorably, especially 
in dry years, with outstanding selections of P. pratensis.* This cross was 
made primarily to produce a drought-resistant bluegrass. P. arachnifera 
in addition to drought resistance, also carries resistance to certain diseases’ 
One accession has been resistant to certain cultures of Erysiphe graminis, 

^^ccima poae-sudeticae, and Helniinthosporium vagans. Therefore it ap- 
pears that the possibilities with this cross have not been fully exploited The 
development of an outstanding strain of P. arachnifera should increase the 
value of hybrids with P. pratensis. If the hybrids should have disease resis- 
tance in addition to the agronomically desirable characters of the parent 
P. pmteiisis It would be an excellent method of overcoming susceptibility to 
disease in otherwise outstanding strains of P. pratensis. The fact that ^rt 
of the hybrids are fertile suggests that this cross may greatly alleviate dis- 
advantages residing with apomietie strains of P. pratensis. Fertility will 
permit the utilization of advantageous breeding methods that are not appli- 
cable to mprovement of apomietie strains. PPi 

Staking resistance to all the cultures of powdery mildew was found in 
certain accessions of Poa nemoralis and P. sphondyloides. Preliminary 

■ ' SUMMARY 

in 28^l1ntf accessions of 116 species and 8 varieties of grasses 

nbt? cultures of Erysiphe graminis 

obtained from three species of Poa. U’aminis 

^ Prom Mr. E. Marion Brown, in correspondence. 
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Each of the five cultures is pathogeuically distinct; thus, pathogenic 
specialization is recorded for the first time in E. graminis from Poa. Three 
of the cultures infected grasses outside the genus Poa, although each culture 
infected principally Poa species in the subgeneric group embracing the spe- 
cies on which it was obtained. Three different pathogenic races of powdery 
mildew were isolated from P. pratensis from three widely separated localities. 

Several economic as well as wild species of Poa have been notably resis- 
tant to all five cultures. 

Two advantages of hybridization betAveen Poa arachnifera and P. pra- 
tensis in improvement of Kentucky bluegrass are (1) the possibility of 
obtaining disease resistance from P. arachnifera, smd (2) the production of 
fertile hybrids from apomictic P. pratensis parents, thus permitting utiliza- 
tion of plant breeding methods not applicable to improvement of apomictic 
strains. 

Kentucky Agricultural Experiment Station, 

Lexington, Kentucky. 
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HYPOXYLON PRUINATUM AND ITS PATHOGENESIS 
ON POPLAR! 

R.H.Gruenhagens 
(Accepted for publication September 15 , 1944 ) 

INTRODUCTION 

Ihe diseases of poplar have come into proininence because of the recently 
recognized value of poplar'^ in the forest economy of the North Central 
Region of the United States. The wood of these trees is used extensively 
for boxwood, paper pulp, and excelsior. The trees are valuable in forestry 
as a green-leaf firebreak planting, as a nurse crop for conifers, and as a 
source of deciduous leaves to help inaiiitain soil fertilitv (15) No other 
trees seem so well suited for fulfilling such needs. A continuous supply 
0 poplars can be maintained because they are fast-growing trees, are w'ell 
adapted to much land that is submarginal for agriculture, are light-seeded 
and come m rapidly after a forest fire, and in many cases can be propagated 
vegetatively. Certain diseases, however, tend to offset tliese advantages 

The poplar canker, caused by Hypoxyloii pruinatum (Kl.) Cke., was first 
described in the United States by Povah (10) and in Wisconsin by Kaufert 
(6). Its prevalence in Michigan, New York, Maine, and Ontario, Canada 
has been reported by other workers (1, 10, 13). The incidence of the canker 
m several national forests in the Lake and Central States was studied by 
Lorenz and Christensen (8), who indicate that the canker is the most im- 
])ortant poplar disease in the Lake States. 

The value of the host and the importance of the disease have warranted 
further study of the canker, the results of which are recorded in this paper. 

OCCURRENCE OF THE DISEASE 

The prevalence of Hypoxylon canker on poplar in Wisconsin was studied 
diirnig the summers of 1941, 1942, and 1943. Twenty-six field study plots 
each acre in size, were established in 8 counties: 4 plots in Bayfield 2 in 

auTI hi wr' Marinette, 5 in Oneida, 4 in Vilas, 3 in Washburn, 

and 2 m Waushara. Every poplar in each plot was tallied bv diameter class 

The canker infection ranged from 

(he“ht i the ^ The site index 

(height of the average dominant tree at 50 years of age) for each plot was 

publication hv the Director of the WUseonsin Agricultur.al Rxperiment 

son, Carl Hartleyfprank Kaufert ^ Christen- 

of the work; to A. J Riker for heln ‘^dyice eoneerninjr various phases 

l. Hertis to 
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idetei’iniiied bj the method described by Kittredge and Gevorkiaiitz (7). 

'The summaries of the cruise records are in tables 1 and 2 . 

In these data the prevalence of the disease was highest on the poorest 
site surveyed (Table 1, site index 40) and was lowest on the best site sur- 
Teyed (Table 1, site index 80). This confirms earlier reports. While the 
reason for this was not determined, it is suggested that on the good sites 
the rate of escape, the disappearance of infected trees, and the resistam^e 
of the trees were greater than on the poor sites. 


TABLE 1. — Incidence of infection with Eypoxylon pniinaium hy site index classes^ 


Site index class 

Trees examined 

Trees with Hypoxylon 
canker 


Number 

Per cent 

40 

168 

51 

50 

112 

24' 

60 i 

716 

22 

70 ! 

408 

22 

80 

178 

4 


a A portion of these figures is used through the courtesy of Br. E. E. Honey, Em(*r- 
geney Plant Disease Prevention Project. 


TABLE 2. — Incidence of infection with Eypoxylon pruinatum hy tree size (d.h.h.)a 


D.b.h.b 

Trees examined 

Trees with Hypoxylon 
canker 

Inches 

Number 

Per cent 

0-1 

253 

1 5 

1-2 

153 

1 27 

2-3 

222 

J 31 

3-4 

218 

44 

4-5 * 

173 

33 

5-6 

173 i 

31 

6-7 

125 

28 

7-8 

79 

29 

8-9 

32 

12 

9-10 

18 

11 

10-11 

9 

0 


a A portion of these figures is used through the courtesy of Dr. E. E. Honey, Emer- 
gency Plant Disease Prevention Project, 

Diameter at breast height or 4.5 feet. 


There was a high prevalence of disease on trees that were less than 
8 inches d.b.h. (Table 2). The factors that governed disease prevalence 
on different sites probably also accounted for this fact. On the larger 
trees cankers were usually restricted to the branches or to the small upper 
part of the trunk, which is commercially unimportant, 

HOSTS INFECTEO, THEIR RANGE, AND CANKER DISTRIBUTION 

The same Hypoxylon canker is found most frequently on Populus tremu- 
loicles axiA P.grandidentata, hut it occurs to a lesser extent on P. halsamifera. 
Other species of poplar are also attacked by different species of Eypoxylon. 
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P. nigra Yeir. it alica Du Roi is attacked by H. malleolus B. and Rav. and 
P. trichocarpa T. and 6. by if. serpens (P.) ex Pr. (14). 

The species of Hypoxylon are not restricted to poplar, however. While 
the complete host range has not been established, H. pruinatum has been 
found producing injury on Betula; H. morsei on Alnus; and H. Makei on 
species of Acer, Quercus, and Salix (1). The work to date (1) indicates 
that one or another species of Hypoxylon may be found on most of the 
hardwood species. 

The natural distribution of Pop ulus trem uloides and P. grandidentata, 
the most frequently involved hardwoods, is reported by Sargent (12) and 
Munns (9). The Hypoxylon canker has not yet been reported as occurring 
throughout the complete host range. Its wide distribution has been recorded 
by several workers (1, 3, 4, 6, 8, 10). Wherever it was found, the disease 
had similar characteristics. 

SYMPTOMS 

Poplar stands infected with Hypoxylon canker stood out in marked con- 
trast to healthy stands. Characteristic features observed were the broken 
trees, the dead tree stubs, and the blackened areas on the green trunks 
(Fig. 1, A). Cankers that girdled branches produced brown /^flags’^ 
throughout the stand. If the branches beyond the canker were not dead, 
the leaves were usually smaller and pale green to yellow. 

Incipient cankers appeared as yellow to orange, slightly sunken areas in 
the bark. The margins were usually irregular and lobed. On older infec- 
tions blister-like conidial fructifications and erumpent perithecial stromata 
were clearly tisible. 

THE CAUSAL ORGANISM 

Morphology 

The moTpliologj ot Hyp>oxylon pruinatum has been discussed by Bier 
(1)., so the details are omitted in this paper. A stroma of the imperfect 
stage is shown in figure 1, B, and of the perfect stage in figure 1, C. Mycelial 
fans and host discoloration are shown in figure 1, D. Asci, ascus stalks, 
and ascospores are illustrated by Bier (1). 

Separate measurements were made of four perithecial collections from 
Madison and four from Trout Lake, Wisconsin, to determine the average 
size of the spore-bearing part of the ascus, of the ascus stalk, and of the 
ascospores. Measurements of perithecial contents mounted in water were 
taken with an ocular micrometer on 50 spores and 25 asci from each collec- 
tion. The results, averaged by localities, are in table 3. 

The spore measurements for the 8 collections agree closely with those 
made by Bier (1), There are some deviations in ascus measurements that 
may be explained by differences in the development of the asci. 

The attendant taxonomy has been discussed by Bier (1). It has been 
confirmed and has been accepted by the present writer. There was no 



Lar stand in Lincoln County, Wisconsin. B. Conidiai 
of the outer bark and (b) ‘<myeelial pegs” where outer 
! Fruiting canker showing (a) old oonidial stroma, (b) 
ioles of perithecia. D. Portion of eanker with the bark 
on preceding mycelium, (b) mycelial fan, and (e) healthy 
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significant cliange in morphology when the fungus was gTown under several 
diiferent circumstances. 

Infiiience of Temperature, pH, and Certain Nutrients on 
Fungus Growth 

The influence of temperature was investigated on the rate of growth of 
Eypoxylon primiaiivm in culture on 2 per cent malt agar. Petri dishes 
were poured wuth 20 cc. each of medium adjusted to pH 6.5. Bach plate 
was seeded with a 6-mm. disk of inoculum from a 10-day-old culture on 2 
per cent malt agar. This 6 mm. was subtracted from the final growth read- 
ings. Five replications were incubated at 9 temperature levels in 4° C. 
steps from 4° to 36° C. Diameters were measured every other day for 
8 days. 

The results were averaged for 3 trials each wdth 5 replications on 4 
single-spore isolates. The most rapid diameter growth was at 28° C. There 

TABLE 3 . — Comparison of asciis and ascospore size of two Wisconsin collections and 
one Canadian collection 



Material collected near 


Madison, Wis- I 

consina j 

Trout Lake, 
‘Wisconsina 

Ottawa, Ontario^ 


Microns 

Microns 

Microns 

Spore-bearing part of 

ascus 

Aseus stalks 

Aseospores 

Ascospores, average ... 

128 to 176 

32 to 80 

22 to 29 by 8 to 13 

26 by 10 

152 to 187 

32 to 48 1 

22 to 29 by 8 to 13 

25 by 10 1 

i 

160 to 190 

40 to 60 

24 to 30 by 9 to 13 
26 by 11 


a Collected and measured by the writer. 

^ Collected and measured by J. E. Bier (1). 

was no growth in 8 days at 4°, 8°, or 36° C. The data are omitted because 
they are so similar to those based on weight. 

Temperature also influenced the weight of mycelium produced by if. 
pruinatiim in 2 per cent malt extract in distilled water. The reaction of 
the medium was adjusted to pH 6.5. Erlenmeyer flasks of 250 cc. capacity, 
each containing 150 ee. of the sterile, adjusted medium, were each seeded 
with a 6-mm. disk of inoculum. Five replications were then placed for 16 
days in incubators at temperatures from 4° to 36° C. At the end of 16 days 
the mycelial mats which developed in the flasks were separated from the 
culture medium and were washed, dried, and weighed. The weights for 3 
trials of 5 replications each w^ere recorded and averaged for each tempera- 
ture group (Fig. 2). 

The greatest weight of mycelium of JT. prwmatitm was developed at 
28° 0. There was good growth in the range from 20° to 28° G. and no 
growth at 4°, 8°, or 36° C. 

The importance of acidity (pH) also received attention in relation to 
the weight of mycelium produced by H. prtiimhm. Malt-extract liquid 
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Fig. 2. The infliience of temperature on growth of H, prninatum in liquid eiilture. 


medium in 250-(3e. Eiienmeyer flasks was buffered with K 2 HPO 4 (5 g. per 
liter in the alkaline range) and KH 2 PO 4 (5 g. per liter in the acid range). 
The reaction of the medium ivas adjusted aseptically before inoculation 
according to the intervals shown in figure 3. There were 5 replications at 
each point of adjustment. After 16 days’ incubation at 28° C. the mycelial 
mats were washed, dried, and weighed. The pH, read at the start and at 
the end of the trial, did not drift more than 0.1 pH unit in any flask during 
the 16 days. 

The weights were averaged by pH groups. The average results of a 
typical trial of 5 replications are in figure 3. The greatest mycelial weight 





Fig. 3. The influence of acidity on growth of pniinatum in liquid culture. 





78 Phytopathology [Vol. 35 

of jff. pruimhmi was produced at pH 5.6. Satisfactory growtli developed 
between pH 4,5 and 6.5. 

The effect of 8 various culture media on rate of diameter growth and 
rate of conidial production appeared in 4 trials of 4 replications each. Six 
of the media used were malt agar, potato-dextrose aga^r, onion agar, Lima- 
bean agar, pea agar, and water agar. All were made according to Riker and 
Riker (11) and were adjusted to pH 6.5. Healthy poplar bark w^as ground 
in a Wiley Mill No. 1, was cooked in distilled water (50 g. of tissue per 
liter) for 1 hour, and made into 2 per cent agar. Half of the medium was 
made with strained tissue decoction and half with unstrained. The reaction 
was adjusted to pH 6.5. The same procedure was followed with Hypoxylon- 
infected poplar bark. Petri dishes were poured, seeded, and incubated at 
28° C. for 21 days. Records on diameter growth and production of conidia 
were taken every other day. 

The averages of 4 trials of 4 replications each showed: (1) that the cul- 
tures grew most rapidly on malt agar, filling the dishes (92 mm.) in 10 
days, and slowest on cankered bark decoction agar; (2) that those on 
unstrained healthy bark decoction filled the dishes in 17 days; (3) that 
conidia were produced by cultures on malt agar in 5 days, on onion agar 
in 11 days, and on potato-dextrose agar in 13 days; and (4) that no conidia 
were produced on the other substrata within 21 days. 

The investigations of the fungus as it developed in vitro were continued 
with an examination of its host relations. 

ENTRANCE OF THE FUNGUS INTO THE HOST 

Field inoculation studies were conducted during the summers of 1942 and 
1943 to determine the means by which Hypoxylon pruimtum entered the 
host. The following types of inoculum were used : (1) mycelial cultures on 
2 per cent malt agar, (2) conidial suspensions in distilled water, (3) asco- 
spore suspensions in distilled water, and (4) ground-up masses of diseased 
tissue, fruiting structures, conidia, and ascospores. The conidia, ascospores, 
and diseased tissue were all collected from natural infections in the field. 

Several types of inoculation were tried. In all cases, the tissue to be 
treated was first wiped over with a cloth dampened with 70 per cent alcohol 
and allowed to dry. 

Unwounded tissue was exposed by the application (1) of 1 cm. square 
blocks of culture and agar, (2) of sprayed spore suspensions, and (3) of 
diseased-tissue inoculum. Regardless of the type of inoculum used, half of 
the treatments were left uncovered. One-fourth were sealed with adhesive 
tape, and one-fourth were wrapped with wet cotton and wax paper as 
described by Bier (1). 

Cuts for wound inoculations were made in several ways. Cuts in an 
inverted or ‘‘U’’ shape 2 to 3 cm. high by 1 to 2 cm. wide were fre- 
quently used. Small bark slits 3 to 7 cm. long, as well as bark punctures, 
were also used. Different wounds, respectively, were covered or left 
■' uncovered. ■ ' ' ' ' 
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Some tissue was bruised and wounded before inoculation. Trunk tissue, 
approximately 25 to 50 sq. cm., was crushed by striking it several times 
with the blunt end of a hand ax. Two types of inoculation wounds were 
used: (1) a horizontal cut made through the bark and into the cambium 
near the center of the bruised area with the sharp edge of the ax, and (2) 
a puncture 4 to 6 mm. in diameter through the bark at the center of the 
bruised area. Either spore suspensions or ground-up diseased tissues were 
used for inoculum. 

Insect borer holes were inoculated by packing into them a paste made 
of ground-up diseased tissue and spores in water. Half the holes were left 
open and half were covered with wet cloth. 

Buds, leaves, petioles, and leaf axils were inoculated in both wounded 
and unwounded condition respectively with spore suspensions and mycelial 
cultures. Wounds were made with a dagger-scalpel. No attempt was made 
to surface sterilize the buds, leaves, petioles, or leaf axils. Spore suspen- 
sions were sprayed on, and the mycelial cultures were applied in 5-mm.- 
square blocks of culture and agar. 

The results of the inoculations are summarized in table 4. All inocu- 
lations and controls on buds, leaves, petioles, and leaf axils, whether 
wounded or not, gave negative results. All inoculations and controls on 
un wounded branch and trunk tissues remained uninfected, as found by 
Bier (1). Inoculations and controls on branch stubs and in insect borer 
holes also remained uninfected, but it is possible that the infection court 
had been closed by wound tissue before inoculation. The inoeiilations on 
cut branch and trunk tissue were from 4 to 60 per cent positive. All covered 
controls were uninfected, but 7 per cent of the open controls became infected. 
The infection of the open controls was doubtless caused by natural disease 
spread from fruiting cankers in the vicinity. All inoculations on bruised 
tissue were positive. All covered controls remained uninfected. The open 
controls were 60 and 50 per cent infected, respectively, for ax wounds and 
for puncture wounds on bruised areas. Natural spread from fruiting 
cankers was again held responsible. The data indicate that JET. pruinaittm^ 
is a wound parasite on bark tissue. 

Several types of branch and trunk wounds were found during field 
observations in Wisconsin during the summers of 1941, 1942, and 1943 that 
could act as infection courts in natural poplar stands. Some of these infec- 
tion courts, all of which had been found at one time or another at the 
centers of cankers, were caused (1) by weather, ejj.y wind, ice, lightning, 
(2) by man, e.g., ax wounds, logging damage, (3) by animals and birds, e.g., 
deer scraping, porcupine ehewings, vsap-sucker borings, and (4) by insects, 
c.p., bark borers, chiefly Saperda calcarata Say. A supplementary study was 
made on the relation of insect-borer holes to incidence of new cankers. 

All of the insect-borer holes up to 8 feet above the ground were examined 
in all the poplars on 11 plots, each covering acre, located in Dane, Ail as, 
and Waushara Comities in Wisconsin. Of the 1018 borer holes examined, 
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14, or 1.4 per cent, were at the center of cankers. Since so few of the borer 
holes were infected, the borer itself did not seem to be an active agent in 
the dissemination of the disease. However, it was obvions that the borer 
holes were open infection courts and, because of their great numbers in the 
woods, had to be considered in the infection complex. 

From insect injuries and other wounds a dark, sticky liquid frequently 
was exuded, which, during dry weather, hardened into a “varnish.” Some 
of this exudate was incorporated into water-agar medium and seeded with a 
mycelial culture of Hypoxylo7i pruinatum. Water-agar controls were used. 
Two trials of 5 replications each were incubated at 28° C. for 16 days. The 
resulting cultures on water-agar plus “varnish” had an average diameter 
that was 40 per cent greater than that in the controls. This suggests that 
the sticky wound exudate might act not only as a spore catcher, but also as a 



Fig. 4. Average advance of artificially induced cankers. A. Square bruised area 
with an ax wound, average of 24 cankers. B. Square bruised area with a puncture wound, 
average of 17 cankers. 

culture medium when suitably wet. The entire insect relations problem 
deserves further study. 

The development of lesions following inoculation was recorded for 200 
different trees. The first symptoms appeared in 2 to 8 weeks. The rate of 
canker spread, which was most rapid up and down the tree, was observed on 
41 cankers from 2 types of wounds shown diagrammatically in figure 4. The 
measurements were based on the surface appearance and independent from 
the spread of the fungus within the tissues. 

DEPTH OP FUNGUS PENETRATION 

When the bark was removed from active Hypoxylon cankers, mycelial 
fans frequently were found growing over the surface of the wood (Fig. 1, D). 
To determine how deeply the fungus penetrated into the host tissues, ladial 
sections of active cankers were made on a sliding microtome. A differential 
stain was secured with the methyl violet— Bismark brown technique described 
by Hubert (5). Microscopic examination of the sections showed mycelium 
in the bark, the cambium, and the outer 4 to 5 mm, of wood tissue. These 
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obsei'vatioiis were checked by cultural studies, in which cankered tissues 
outside of the cambium were removed with sterile scalpels to prevent con- 
tamination of the inner tissues. Chips of wood were taken from different 
depths in the wood tissue and were transferred aseptically to 2 per cent malt 
agar in Petri dishes. Isolations were made also from the bark and the 
cambium. Incubation was at 28° C. for a maximum of 16 days. The data 
(Table 5) indicate that the organism is located in the host bark, cambium, 
and outer 8 to 9 mm. of the wood, where it apparently had an opportunity 
to live from one season to another. 


TABLE 5 . — Eesults of attempts to isolate Hypoxylon pruinatum from different 
depths in host tissue (Fopulus tremuloides) 


Tissue and depth 
cultured 

Specimens 

Isolations 

Isolations yielding 
Hypoxylon 



Numher 

Number 

Per cent 

Bark 


1 

48 

100 

Canibiiun 


1 

48 

100 

Wood 





0,5 nun. below cambium 

' 1 

48 ' 

100 

1.0 

do 

i 2 

96 

100 

3.0 

do 

I 2 

96 

75 

5.0 

do 

4 

192 

12 

8.0 

do 

2 

100 

2 

10.0 

do 

! . 2 

100 

0 


OVERWINTERING 

The means of overwintering of the fungus was determined by isolation 
of 32 single ascospore and 50 mass-tissue cultures from 5 cankers that were 
collected every month from November to April. At least 60 per cent of the 
ascospores were viable, and 80 per cent of the tissue isolations yielded 
Hypoxylon every month. No viable eonidia were found during this period. 
This indicated that the organism overwintered both as mycelium in infected 
tissue and as ascospores which were already available to spread the fungus 
the following season. 

DISSEMINATION 

The natural means of dissemination of Hypoxylon pruinatum was 
studied during the summers of 1942 and 1943. To determine the direction 
of natural spread in the field, the locations were plotted of all new and old 
infections on 4 one-tenth acre plots, 2 in Vilas County and 2 in Dane County, 
■Wisconsin. The prevailing summer winds for these two areas were from 
the south and the southwest.^ Of the 250 new cankers examined, 80 per cent 
were down wind from and facing toward the old fruiting infections. This 
observation prompted experimentation on wind dissemination. 

A spore trap was constructed that was similar to Maddox’s “Aeroconi- 
scope” (2). The trap was set up in the center of a poplar plot 15 feet from 
the nearest canker. The spore content of the trap was examined every week 

^ Oovrtesy of Brie Miller, U. S. Weather Bureau, Madison, Wiaeonsin. 
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from April to tte middle of November. The results of tlie counts and the 
accompanying weather records are in figure 5. Conidia or aseospores, or 
both, were present in the air from the second week in April through October, 
with the exception of the second w^eek in October when there was no rain. 

This indicates that wind dissemination was in progress throughout the entire 
period. 

Further evidence on wind dissemination came from infection counts on 
trees that were bruised and wounded (see table 4). Sixty wounds were 
covered with adhesive tape and 60 were left open. By the end of 5 months, 
5d per cent of the open wounds were infected with H. pruinatiim, while all 
the_covered wounds were uninfeeted. This could be explained best on the 
basis of wiiid-boiiie spores. 

An attempt was made to study the natural incidence of disease in rela- 
ton to time of year, meteorological conditions, and availability of inoculum. 

owever, the incidence of disease each week, which was less than half of 
one per cent, gave figures that were too small for satisfaction. To secure 
significant figures would have involved frequent observations on thousands 
of tagged trees. Since it was not feasible to examine such numbers, atteii- 
taon was directed toward the influence of weather on the availabilitv of 


environmental conditions inpluenoing conidial detachment 
and ascospore discharge 

The influence of time of year and of environmental conditions favorino- 
and retarding eonidial detachment and ascospore discharge was invest ed 
during the summers of 1942 and 1943. Greased microscope-slide spore traps 
to those d, scribed by Bier (1) „«.e placed on catLed tZ JtZ 
the ineidence and mlensity of spore release could be observed. The greased 
slides over 4 cankers showing the perfect stage of Eypoxylou pruhZl 
were p aced 4 mm. away from the perithedal stromal Those Ta 2 
comdial cankers were pWed facing the prevding winds. Spore eonnts were 
made on ^ the slides every week from April to the middle of November 
The number of aseospores was counted up to 900 spores per so cm but 
beyond that was given an infinity notation. The conidia were small and 
hyaline, so their number was estimated. The value “Few” equalled 0 to 
approximately 100, “Many” equalled approximately 100 to 500 
equalled over 500 spores per sq. cm. The count of the spor“bad in The 
Aeroconiscope” spore trap is in figure 5. 

Conidia first appeared in the trap the 'second week in April The load 
mereased to a maximiim by the fourth wpaTt it. i\/r t 

the trd~'^ie~ 1“ srr 

eonidi. dispersed wen eerrdeted with the increase in m.rnTem;elrres''l1 
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iiiean relative liumidities during tlie same period. There appeared to be no 
eorrelatioii with rainfall. 

To deterniiiie whether free water was necessary to conidial detachment, 
greased glass slides were fastened 1 cm. away from 5 cankers showing the 
imperfect stage. Conidial counts were made on the slides for 10 one-honr 
periods during 10 days that were rainless. This was repeated for 10 rainy 
days. A representative average showed that 234 conidia and 182 eonidia 
were caught per hour per sq. cm. of glass slide during dry periods and rainy 
periods, respectively. The trend of these observations was confirmed re- 
peatedly under controlled laboratory conditions. This indicated that free 
water was not necessary for conidial detachment. 

The first ascospores were found in the trap during the third week in 
April and the last ones were found on the second of November. The two 
end points seem to be correlated with a mean temperature below 45° F. 
The low ineaii temperature for the week ending April 20 was caused by two 
cold days, April 14 and 15. The heavy spore discharge for that week took 
place on April 17, 18, and 19. The high mean summer temperatures did not 
seem to influence ascospore discharge. The mean relative humidity, except 
when it indicated the absence of rain, e.g,, week ending October 12, had no 
influence on the incidence of ascospore discharge. There was a rather close 
correlation between the amount of rain and the volume of spore discharge. 

The ascospore release was recorded at 2-hour intervals in the field from 
10 p.m. June 14 to 10 a.m. June 16, 1943. Spore counts were made on 4 
greased glass slide traps. The average results of the spore counts and the 
corresponding weather data are in figure 6. 

There was no significant relation between temperature and amount of 
ascospore discharge for the 36 hours of the trial. There was an apparent 
relation between relative humidity and ascospore discharge. Closer exami- 
nation of the data reveals, however, that the periods of rain, which influ- 
enced the relative humidity, were more likely the critical factors in spore 
discharge. This is illustrated by the records taken at 6 a.m. June 15. At 
that point, between rains, the relative humidity was still approximately 100 
per cent, but the spore discharge had fallen to 700 spores per sq. cm. The 
spore discharge fell to 50 spores per sq. cm. at 10 a.m., approximately 2 
hours after the 6 :10 to 7:30 shower, even though the relative humidity was 
still approximately 100 per cent in the woods. This suggests that free water 
is necessary for the initiation of ascospore discharge. 

A few ascospores were caught in the traps as long as 20 hours after a 
rain. It may be that ascospores caught in drops of water during the rain 
clung to the tree and were blown off long after cessation of ascospore 
discharge from the perithecia ; that ascospores that had fallen to the ground 
were redistributed by air currents; or that ascospores floating in the air for 
a long time finally came to rest on the slides. 

The necessity of free water in initiating ascospore discharge was studied 
in the laboratory. A chamber (Fig. 7) was constructed in which the relative 



TIME OF DAY 

Pi 0 , 6. Temperature, rainfall, relative humidity, and ascospore discharge 
Hypoxylon canker study plot, Madison, Wisconsin, June 14 to 16, 1943. 
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humidity was regulated by a stream of water-saturated air. Water was 
atomized into a 5-g‘al. carboy. The water-laden air from there was run 
through a water ti‘ap to remove any free moisture and from there into the 
chamber. The relative humidity in the chamber was calculated from wet 
and dry bulb thermometer readings. 

Air-dry peritheeial stromata were placed in the chamber and kept for 
21 days in an atmosphere without free water. No ascospores were dis- 
charged. The relative humidity approached saturatioiij and so was com- 
parable to that in the woods during a rain. This wms repeated 3 times each 
with different peritheeial stromata but with the same result. When peri- 
thecial stromata from the same source were soaked in water for one-half 
hour before being j^laced in the chamber, ascospore discharge was recorded 
as early as one hour after introduction into the ehamber and averaged 407 



Fig. 7. Ascospore discharge chamber with front face removed. A and B. Dry and 
wet bulb thermometers. 0. Inlet hole for water-saturated air. D. Sliding bar carrying 
greased glass slides 1 and 2 in such a way that slides could be removed and replaced with- 
out opening chamber. E. Standard on which peritheeial stromata were fastened so as to 
face the greased slide and allow 4 mm. between ostioles and slide. 

spores per sq. cm. per hour for a 3-hour period in a relative humidity ap- 
proaching saturation. Thus, free water wus necessary for the initiation of 
ascospore discharge. 

DISCUSSION 

Various lines of work, reported by earlier writers (1, 6, 8, 10) about 
Hypoxylon canker on poplar, have been repeated and confirmed for Wis- 
consin, although the details have been largely omitted to save space. Among 
these items are the following: the economic importance of poplars, the de- 
structiveness of Hypoxylon canker, and the morphology and attendant 
taxonomy of the causal organism. 

The means by which this fungus operates both in the laboratory and in 
the woods have been elueidated. The study of the life history in relation 
to pathogenesis has shown how the fungus grows and sporulates at different 

ttq n O' nf wAfltbAT Tbp rplufivfilv Inw 



vx jt/voAuxvc xcauits csu^gtJSL iiiaT. uiis luiigus iniects witli some 
difficulty through wounds made by cutting. However, if it can start in 
association with bruised and killed tissue, infection occurs easily and practi- 
cally every time. A practical consideration is the development of an inocu- 
lation technique whei'eby one can be confident of a high percentage of 
infection from artificial introduction of spores. This is a eriticaritem 
for making quality tests of poplar selections. 

The development of rapidly 
of rooting from cuttings, 
years. However, if such hybrids should 
canker as many of the native pop! 
lead to serious disappointment. By 
able, tests of resistance by these and other selections 


growing poplar hybrids, which are capable 
has attracted considerable attention in recent 
prove as susceptible to Hypoxylon 
ars, plantations of them Avill certainly 
means of the technique now made avail- 

to Hypoxylon canker 

can be employed with confidence, and the susceptible selections can be 
eliminated. 

Meantime, from the several lines of evidence presented, it is clear that 
Hypoxylon cankers in the woods are a continual source of inoculum for any 
healthy trees in the neighborhood. Consequently, if the value of the stand 
justifies the expense, the trees affected with Hypoxylon canker should be 
removed and burned. 

SUMMARY 

^ A Study was made of Hypoxylon pruinatum, of its life history in rela- 
tion to pathogenesis on poplar, and of the associated Hypoxylon canker 
which IS the most important disease on poplar in the Lake States. 

The Hypoylon canker was found on an average of 24 per cent of all the 
Shed “ Wisconsin and the corresponding symptoms are de- 

on go'cd sites^^°^^^^ canker on poor growing sites than 

The causal organism made the best diameter growth in culture and de- 
veloped the greatest mass of mycelium at 28° C. The optimum hydrogen-ion 
concentration range for growth in culture was from pH 4 5 to 6 5 The 

fastest rate of growth and rate of eonidial production observed was on 2 
per cent malt agar. 

The organism is a wound parasite on branches and trunks, but buds 
leaves, petioles, and leaf axils were not infected Onl^r 
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cliseliarge in the eai'ly spring or the late fall when the mean temperature 
was below 45° P. 

By means of inoculations through bruised tissue a method has been 
developed for testing the relative resistance of various poplar selections. 
University op Wisconsin, 

Madison, Wisconsin. 
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EOOT DEFECTS AND FUNGI ASSOCIATED WITH THE LITTLE- 
LEAF DISEASE OP SOUTHERN PINES 

L . W . E . Jacks on i 
(Accepted for publication September 20^ 1944) 

INTRODUCTION 

A serious deterioration and dying of southern pines, particularly short- 
leaf pine {Pimts echmaia Mill.), known as the little-leaf disease, was first 
reported from Alabama in 1935. Extensive surveys (11, 12) have shown 
that little leaf is widely distributed through much of the Piedmont region 
from central Virginia to western Alabama, and through the upper coastal 
plain of Alabama to northeastern Mississippi. The disease occurs exten- 
sively on shortleaf pine, and to a lesser extent on loblolly pine (P. taeda L.), 
Virginia pine (P. virginiana Mill.), and pitch pine (P. rigida Mill.), and 
symptoms resembling little leaf have been found occasionally on longleaf 
pine (P. palustris Mill.). Typical little leaf has seldom been found on 
trees younger than 20 years or less than 3 inches in diameter at breast 
height. 

The symptoms on the aboveground parts of affected trees are reduced 
needle length, varying degrees of yellowing, and a shortening of the twig 
internodes, which give the crown a sparse, tufted appearance.^ When 
branch dying occurs, it usually progresses upward from the base of the 
crown. Another characteristic of little-leaf trees is a marked slowing down 
of diameter growth. Outer rings are often greatly reduced in width (2, 12). 
No infections related to little leaf and caused by pathogenic organisms have 
been found on the aboveground parts of diseased trees. 

The root systems of shortleaf pines affected with little leaf are con- 
sistently more defective than those of healthy trees. There is an excessive 
exfoliation of bark, producing brown patches, dieback of the fine roots, and 
large, pitchy, cankerlike lesions. 

The cause of the little-leaf disease has not been determined. The work 
on the cause has been based chiefly on three hypotheses, namely, that little 
leaf results from (1) a root deterioration caused by pathogenic fungi, (2) a 
virus, or (3) physical and chemical soil factors. This paper presents work 
on the characteristics of the various root defects, the condition of the 
mycorrhizae, and the pathogenicity of two fungi found associated with root 
defects. Shortleaf pine was the only host used in the experimental tests. 

1 Associate Pathologist, Division of Forest Pathology, United States DeiDaxtment of 
Agriculture. 

2 A detailed description of symptoms will appear in a forthcoming U. S. Dept. Agr. 
Circular entitled ^^Little-leaf disease of pine'^ by G. H. Hepting, T. S. Buchanan, and 
L. W. E. Jackson. 
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ROOT DEFECTS 

General Char act eristics of the Boot Systems of Diseased and 
Healthy Shortleaf Pines 

The condition of roots of diseased and healthy trees was examined in 
detail by washing out the root systems of 3 diseased and 4 healthy trees 
with a high-pressure stream of water delivered by a force pump. Samples 
of the feeding roots^ were collected from each tree for an analysis of the 
amount of dieback and the condition of the mycorrhizae. 

The root excavation work showed no observable difference in the distri- 
bution, extension, or gross morphology of the primary and larger lateral 
roots and the taproots of the diseased and healthy trees. On the diseased 
trees, the roots of all sizes, including feeding roots, w^ere usually covered 
with a thick layer of browm patch. On the healthy trees, the large roots 
were covered with brown patch but the roots less than one inch in diameter 
usually had only small and widely scattered browm patches. Dead primary 
and lateral roots wmre common on little-leaf trees. Diseased trees had 


TABLE 1. — Amount of diehaclc of feeding roots on diseased and healthy shortleaf 
pines 



Condition of trees 


Healthy 

Diseased 

Total number of trees 

Total number of live feeding roots examined | 

Average live length (inches) of feeding roots with dieback 
Percentage of feeding roots with dieback 

4 

775 

2.4 

17 , 

3 

679 

1 2.8 

71 

1 


many more feeding roots that were dead or were dying back from the ends 
than had healthy trees. 

The analysis of the condition of the feeding roots was based on samples 
of 139 to 281 feeding roots per tree from 4 healthy trees, and from 122 to 
332 feeding roots per tree from the 3 diseased trees. Little-leaf trees had 
about 4 times as many killed-back feeding roots as did healthy trees (Table 
1) . In both diseased and healthy trees the feeding roots with dead ends 
had an average live length of 2 to 3 inches. These results, together with 
field observations, have shown that the bulk of the feeding roots on diseased 
trees are usually short and stubby, sometimes reduced to mere spurlike 
structures, and have from one to several lateral replacement roots. The 
dieback of feeding roots, such as occurs on a little-leaf tree, must greatly 
reduce the absorbing capacity of the root system. 

The cause of the excessive dieback of feeding roots on little-leaf trees 
has not been determined. A certain amount of root decadence or dieback 
occurs normally on pines after the root system has fuUy developed. Accord- 
ing to Biisgen and Miinch (3), the lateral roots of healthy pines attain their 

3 In this paper, the term feeding root is used for the small myoorrhiza-bearing lateral 
roots, which are usually less than one-tenth of an inch in diameter. 
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greatest spread in yoiitli or np to about 14 years. They also state that tLe 
cessation of root elongation is accompanied by extensive dying of tbe ends 
of tbe roots and tbe replacement of tbe dead parts by lateral roots of a 
bigber order. In working with pitch pine and sbortleaf pine in New Jersey, 
McQnilkin (7) found that the stronger primary lateral roots ceased to 
elongate after tbe trees attained a height of 25 feet and a diameter of 4 
inches. Although a certain amount of root decadence occurs normally on 
healthy adult pines, tbe dieback of tbe feeding roots on little-leaf trees is 
regarded as an important symptom. In working with Scotch pine {Finns 
sylvestris L.), Laitakari (6) also found that some dead root ends occurred 
on vigorous trees, but tbe presence of many dead root ends indicated that 
tbe root system was retarded. 

Condition of the MycorrJiime 

Boot analysis showed no observable difference in either the condition or 
the abundance of myeorrhizae on diseased and healthy sbortleaf pines. All 
of tbe myeorrhizae examined were richly branched and bifurcate, and grew 
as coralloid clusters. Myeorrhizae of diseased trees were always well devel- 
oped and appeared normal if the feeding roots were healthy. 

Characteristics of Brown Patch on Boots of Diseased 
and Healthy Pines 

Histological study shows that the brown patches consist of older layers 
of the secondary phloem (Fig. 1, A), which have abscissed by the develop- 
ment of periderm layers. They are light brown when first cut off, but turn 
dark brown with age. The size and arrangement of the elements of the 
brown patches did not differ from those of the underlying live phloem, indi- 
cating that no pathological changes had occurred during their formation. 
Dark hyphae that closely resemble those of a Torula are abundant through- 
out the brown-patch layers. 

Brown patches are irregular in outline and vary from minute spots to 
areas of several square inches. On healthy trees, the brown patches are 
widely scattered but they may encircle the root in localized areas. On 
severely diseased trees, however, most of the roots, including the feeding 
roots, are usually covered with a thick layer of brown patches, which give 
them a rough scabby appearance. Though variable in depth, these patches 
involve half or more of the phloem (Fig. 1, A). Brown patches are often 
much deeper on some of the poorer roots of little-leaf trees, sometimes ex- 
tending to the current sieve-tube layer. In such extreme cases the secondary 
phloem is reduced to a thin white film, consisting of only the current sieve- 
tube layer. When pried out with a knife, the brown patches rupture along 
the periderm layer and leave a conspicuous depression in the bark. 

An excessive exfoliation of root phloem, such as occurs in little-leaf 
trees, decreases the food-storage capacity of the root system. Microscopic 
examination of root and trunk bark of sbortleaf pine collected in February 
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showed that brown-pateh layers were always devoid of starch. In the living 
portion of the bark, the parenchyma cells in the secondary phloem, including 
the current sieve-tube layer (Fig. 1, B), were always full of starch grains. 
Starch was abundant in the epithelial cells surrounding the resin ducts 


Fig. 1. Photomicrograplis of stiortleaf pine root bark. A. Transverse section show- 
ing (1) brown patch, (2) periderm layer, (3) secondary phloem, and (4) current secon- 
dary phloem layer. B. Transverse section showing accumulation of starch grains in (1) 
old secondary phloem and in (2) current secondary phloem layer. Starch grains stained 
black with iodine. 


and in the medullary rays. Only a trace of starch was observed in the tissues 
of the trunk bark. Root bark is thicker than trunk bark and has larger 
and more abundant parenchyma cells for storing starch. 

In both the root and trunk bark, the parenchyma cells (Fig. 1, A and B) 
used for storage arise in tangential rows in the sieve-tube layer and then 
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increase in size as they are pushed outward by new growth, forming closely 
compacted rows between narrow bands of crushed sieve- tube layers. The 
secondary phloem of pine roots is an important reservoir for the storage of 
reserve food. Though little information is available on the use of the starch 
stored in pine roots, it is suspected that a large part of it is used for the 
growth and development of the root system. Eegardless of the ultimate use 
of the root foods, it appears that the food storage capacity would be de- 
creased if excessive brown patch developed at the expense of the storage 
tissue beneath. 

A survey (Table 2) showed that the roots of diseased shortleaf pines 
had nearly 6 times as much brown patch as the healthy shortleaf pines 
within the little-leaf range, and 32 times as much brown patch as the healthy 
shortleaf pines growing outside the range. Brown patches were found on 
roots of healthy loblolly and longleaf pines within the little-leaf range, and 
on Virginia pine outside the range, but the percentage of root bark affected 


TABLE 2 , — The occurrence of hr own 'patch 07i the roots of southern pines 


Locality^ 

Species 

Condition 
of trees 

Trees 

Boots 

Boots 

with 

brown 

patch 

Aver- 

age 

diam. 

roots 

Area 

with 

brown 

patch 

Age 

of 

trees 

j 



No. 

No. 

No. 

Inches 

Ter cent 

Years 

S. 0., Ala.* 

Shortleaf 

Little leaf ' 

22 

43 

43 

1.8 I 

96 

31 

S. C., Ala.* 

Shortleaf 

Healthy 

23 

45 

31 

1.5 

17 

29 

Ga., Miss 

Shortleaf 

Healthy 

39 

78 

32 

1.6 

3 ! 

47 

S. C., Ala.* 

Loblolly 

Healthy 

10 

20 

5 

1.7 

7 

29 

Miss 

Loblolly 

Healthy 

9 

18 

3 

1.5 

1 

34 

Ala.* 

Longleaf 

Healthy 

9 

17 

5 

1.6 

14 

36 

Ga 

Virginia 

Healthy 

5 

10 

5 

1.5 

4 

45 


a Asterisk indicates localities within the known range of little-leaf disease. All others 
were outside the range. 


was small, being 14 per cent or lower. The amount of brown patch was 
somewhat larger on healthy loblolly and shortleaf pines growing in little- 
leaf localities than on the same species growing in healthy stands outside the 
little-leaf range. It is the abundance rather than the presence of brown 
patch on the roots of pines that must be regarded as an important symptom 
of the little-leaf disease. 

Brown patch is regarded as the excessive and premature formation of 
rough bark. The cause of the larger amount of brown patch on the roots 
of little-leaf trees is not definitely known. Though little information is 
available on the histology of pine bark, it is possible that the initiation of 
brown patch results from the devitalization of the older part of the phloem 
layer. Such devitalization may result from aging, the effects of pathogenic 
organisms, a deficiency of essential elements, or the accumulation of tpxic 
substances. 

Pitch Cankers on Boots 

Large, pitchy, cankerlike lesions have been observed frequently on the 
primary and lateral roots of healthy and diseased shortleaf pines, but 
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mostly on diseased trees. Siggers and Doak (11) also reported tliat tliey 
fonnd roots with black masses of pitch and soil adhering to the bark, and 
■with the underlying woody part of the root heavily infiltrated with resin. 
Pitch cankers are from a few inches to about a foot long, depending on the 


Fig. 2. Photographs showing characteristics of fungi associated with shortleaf pine 
roots. A. External appearance of tuckahoes of Poria cocos, B. Transverse section show- 
mg internal structure of tuckahoes of Poria cocos. 0. Conidia and conidiophores of 
lorula margmata. D. Chlamydospores and heterocyst-like cells of Poria cocos. E Small 
and large hyphae of Poria C0C05. 

size of the root. The bark is deeply cracked and the underlying wood is infil- 
trated with pitch, the extent of infiltration varying from a few rings to the 
entire stele in extreme eases. These lesions are usually covered with large 
masses of pitch-infiltrated soil firmly cemented to the bark. The soil masses 
are covered with dark hyphae resembling those of the Torula found in the 
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brown patches and giving them a dark sooty appearance. Detailed studies 
of root defects have not progressed far enough to offer any conclusions 
regarding the cause and significance of the pitch cankers. 

FUNGI 

Occurrence of Tuchulioes on Boots of Diseased and 
Healthy Shortleaf Pines 

Root excavations showed that tuckahoes occur frequently on roots of 
diseased shortleaf pines but they have not been found on the roots of healthy 
trees. Tuekahoe is a common name of the sclerotium of a soil-inhabiting 
fungus known as Poria cocos Wolf. Isolations from the tuckahoes on short- 
leaf pines yielded a fungus that has been identified as a strain of Poria cocos. 
The tuekahoe fungus has not been isolated directly from such root defects 
as pitch cankers and dieback of the feeding roots. 

The tuckahoes (Fig. 2, A) on roots of diseased pines vary from one-half 
to two inches and appear as irregular lumps on the surface of the bark. 
A fresh sclerotium (Fig. 2, B) is a compact, white mass of fungus cells with 
a cheesy consistency, striated with thin layers of bark, which becomes hard 
and fissured when dry. The tuckahoes (Fig. 2, A) on the roots of little- 
leaf trees differed markedly, both in size and shape, from the large tuberous 
tuckahoes that have been described previously (13, 15, 16). 

Fungi Associated with Brown Patch 

A species of Torula was consistently isolated from brown patches on roots 
of diseased shortleaf pines as well as roots of healthly shortleaf, loblolly, 
longleaf, and Virginia pines in the little-leaf belt. The Torula was isolated 
also from recently formed brown patches on healthy shortleaf, loblolly, long- 
leaf, and Virginia pines growing outside the present known range of the 
little-leaf disease. This brown patch Torula is apparently widelj^ distrib- 
uted on the roots of pines in the Piedmont. 

In 1939, Siggers^ isolated a fungus from roots of little-leaf and healthy 
pines in Alabama, and from diseased roots of slash pine {Pinus caribaea 
Morelet) seedlings in a forest-tree nursery in Mississippi. This fungus has 
the same cultural characteristics as the brown-patch Torula, 

Cultural Characteristics of the Brown-Patch Torula 

The brown-patch Torula is more closely related to Torula ligniperda 
(Willk.) Sacc. (9, pp. 565-566; and 10) than to any of the other species of 
Tor-uZu described by Saccardo (9). The brown-patch fungus differs from 
T, ligniperda^ as shown by comparisons with an authentic culture and a 
description by Siggers (10) of T, ligniperda, in having: (1) larger conidia, 
(2) longer chains of conidia, (3) a sharply defined white margin of the 
mycelium, and (4) a more compact and faster-growing mat of mycelium. 

4 P. V. Siggers, Associate Pathologist, U. S. Dept, of Agr., Bureau of Plant Industry, 
Soils and Agricultural Engineering, Division of Forest Pathology, Saucier, Mississippi. 
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On the basis of these differences, the brown-patch fungus is described as a 
new species of Torula. The characteristics of the conidia are shown in fig- 
ure 2, C. 

Torula marginata sp. nov. 

Mycelium (on potato -dextrose ^gar) black with white margin, fioccose in central 
part, appressed at outer part, growth very slow, with numerous black flecks in agar; mats 
fractured radially; hyphae 2-4 jn wide, dark, septate, without clamps, occasionally anasto- 
mose, walls sometimes roughened; conidia catenate, 2-12 or more but mostly 6 in a chain 
oblong to (becoming) spherical, thick-walled, 1-guttulate, dark-brown, smooth, 12-13 xll~ 
12 g, on short simple conidiophores, often appearing intercalary by the germination of the 
terminal conidium. 

Habitat. Associated with dead bark on roots of Fimis echmata, P. taMaf P. palus- 
iris, and P. mrginiana in the southeastern United States. Type specimen, Forest Pathol- 
ogy No. 90914, deposited in Mycological Collections, Bureau of Plant Industry, Soils, and 
Agricultural Engineering, Beltsville, Maryland. 

Coloniaes in agaro solani- dextrose atrae margine distincto albo, centro fioccosae 
margine appressae, tarde creseentes, radiatim f riiigentes, ex hyphis 2-4 p, latis fuseis 
septatis non fibulatis interdum anastomosantibus saepe verrucosis compositae; puncta 
numerosa nigra in agaro dispersa; conidia in catenulis cellulanim 2—12 vel plurium 
plerumque 6 disposita, oblonga usque spherica, ex extremo proximo ad distantem gradatim 
magnitudine erescentia, erasse tunicata, 1-guttulata, atro-fusca, levia, 12-13 x 11-12 n, in 
conidiophoris brevibus simplicibus orta; conidia terminalia cateiiularum submersarum 
germinantia et hyphas producentia ut catenulae intercalares videantur. 

^ Hab. cum cortiee emortuo consociata in radicibus Pirn echmatae, P. iaedae, P. mliis- 
tns, et P. wginianae, in regione austro-orientali, U. S. A. ' 

CuUitral GhaTact eristics of the Tuchahoe Fungus 

The fungus isolated from tuckahoes on pine roots is regarded as a strain 
of Pom cocos. Its growth on potato-dextrose or 2 per cent malt agar was 
rapid and uniform, the fungus forming 90-mm. mats in 3 days at 26° C. 
The mycelium is cottony and white in 10-day-old cultures but becomes 
appressed and frequently is tinged with some shade of brown with age. The 
mats are soft, friable, and odorless, and they do not discolor the media. All 
of the cultures were white when first isolated. The mycelium is fragrant 
when grown on large quantities of cooked wheat. The fungus usually pro- 
duces lacerate-poroid, white, resupinate sporophores ou 10-day-old mats in 
plates and tubes. These sporophores produce viable basidiospores. The my- 
celium is composed of small and large hyphae (Pig. 2, E). The small 
hyphae are 2-4 m. in diameter, hyaline, thin-waUed, septate, and without 
clamps. The large hyphae are 7-12 M' in diameter, hyaline when first formed, 
but turn to pale yellow with age, septations slightly constricted, and without 
clamps. In old cultures, the large hyphae (Pig. 2, D) are transformed into 
long, thiek-wailed, pale yellow ehlamydospore-like cells that are separated 
by rows of narrow, empty heteroeyst-like cells. The length of the chlamydo- 
spore-like cells is variable hut the average size of 10 cells from each of 3 
different isolates was 52-71 X 7-12 n. 

An occasional culture developed a dark-brown mat. The dark-brown 
cultures always reverted to the typical white form when replanted on agar. 

Sion prepared by Edith K. Cash, Associate Mycologist, Divi- 

ot Mycology and Disease Survey, Bureau of Plant Industry Soils and 

Administration, United States Departoetf of 
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The inyceliuin is appressed and white at first, soon turning* to cinnamon- 
rufous® or chestnut-brown and becoming fragrant. The medium changes to 
dark brown. The dark-brown form of the mycelium can be produced by 
crossing different isolates but not by crossing different cultures of the same 
isolate. A zone of dark-brown mycelium forms across the plate along the 
juncture of the colonies. 

The morphological features of the Pom isolated from tuckahoes on roots 
of little-leaf trees are comparable with those given for Poria cocos by David- 
son, Campbell, and Vaughn (5), Wolf (15), and Weber (13). Variations 
in the color of the mycelium of the little-leaf isolates and the isolates re- 
ported by other investigators (5, 13, 15) are regarded as strain differences. 
The formation of chlamydospore-like cells, fragrance of mycelium on cooked 
wheat, and the dark-brown form of growth are new features for Poria cocos, 

inoculations 

Pathogenicity of Torula marginata and Poria cocos on Boots 
of Adult Healthy Shortleaf Pines 

Primary roots of shortleaf pines 4 to 6 inches in diameter at breast height 
w^'ere inoculated, in situ, with Torula marginata and Poria cocos to determine 
whether or not these fungi would induce the development of brown patch. 
The trees were in healthy stands of pine at Dadeville, Alabama, and Calhoun 
Palls, South Carolina. Each root was given two inoculations spaced 24 to 
30 inches apart, one with fungus inoculum and the other with sterile cooked 
wheat. The root bark was wounded by cutting 6 slits about one-fourth inch 
long. The inoculated roots were removed for examination during the sixth 
and eighth months after inoculation. The amount of brown patch was calcu- 
lated as the percentage of total bark surface affected within the limits of its 
maximum linear extent. 

In both localities, the inoculations (Table 3) with Torula marginata 
resulted in brown patch, and the number of affected roots varied from 67 to 
100 per cent per series. All of the isolates, except Torula 69, produced 
lesions with deep resinous cracks, sometimes extending to the wood, large 
pitch pockets in the bark, and pitch infiltration in the underlying wood as 
far as the third ring. Large masses of pitch-infiltrated soil were attached 
to some of the lesions associated with deep wood infections and they had the 
characteristics of pitch cankers. The number of lesions with pitch pockets 
and pitch-infiltrated wood in the series with Torula 50 and 56 was larger in 
South Carolina than in Alabama. Although the reason for this difference 
is not known, it is suspected that it may be a difference in soil conditions. 
Torula marginata was reisolated from brown patch on inoculated roots in 
both localities. 

There was no evidence of brown-patch formation or infection where the 
roots had been inoculated with sterile wheat and in most instances the bark 
incisions had completely healed. 

6 Colors according to Eidgway (8). 
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Tlie isolates of Poria cocos caused brown patch on roots in both localities 
(Table 3), and the percentage of affected roots varied from 50 to 100 per 
series. In addition to brown patch, the isolates produced deep lesions that 
sometimes extended into the wood, pitch pockets, and heavy exudation of 
pitch. Lesions resulting in deep wood infections "were covered with large 
masses of pitch-infiltrated soil and had the characteristics of pitch cankers. 
There was no evidence of brown patch or infection where the roots had been 
inoculated with sterile wheat and most of the bark incisions had healed. 
Poria cocos was reisolated from brown patches on inoculated roots in South 
Carolina and Alabama. 


TABLE ^.-—Tathogemcity of Tomla margmata and JPoria cocos 07i roots of liealthy 
shortleaf pines 4 to 6 inches in diameter at breast height 


Euugi 

Aver- 

age 

root 

diam- 

eter 

Inocu- 

lated 

rootsa 

Inocu- 

lated 

roots 

with 

brown 

patches^ 

Bark 

surface 

affected 

brorvm 

patehesc 

Brown patches with 

Inocu- 

lated 

roots 

with 

wood 

1 infec- 
tion 

Cracks 

Pitch 

pockets 

Besi- 

nosis<5 


Inches 

Number 

Per cent 

Percent 

Per cent 

Per cent 1 

Percent 

Percent 

Torula 50^ 

0.7 

16 

88 

69 

57 

0 

1 100 1 

21 

50*f 

0.9 

5 

100 

60 

60 

40 

1 100 

100 

56 

0.6 

16 

94 

81 

60 

20 

1 93 

27 

56* 

0.8 

14 

100 

64 

36 

50 

! 100 

57 

69 

0.6 

3 

67 

45 

50 

0 

0 

0 

Poria 12 

0.7 

15 

100 

82 

93 

20 

93 

67 

<< 12 ^ 

0.8 

8 

88 

52 

43 

43 

! 100 

29 

15 

0.8 

4 

50 

23 

100 

0 

! 100 

50 

'' 53 

0.7 

14 

100 

79 

79 

7 

! 86 

14 

53* 

0.8 

9 

67 

59 

33 

33 

I 100 

1 

17 


a Each root received 2 inoculations, one with fungus and the other with sterile wheat, 

*>]Srone of the inoculations with sterile wheat produced brown patch or infections j 
therefore, data were omitted in table. 

c Calculated as per cent of bark surface within niaximum linear extent of brown 
patch. 

The term ^ ^ resinosis ’ ^ means heavy external flow of pitch. 

e Stock culture number of the isolate. 

f Inoculations marked with an asterisk were made in South Carolina ; the others were 
made in Alabama. 

Torula marginata and Poria cocos thus are capable of not only producing 
brown patches but also of causing infections that extend into the wood on 
roots of healthy shortleaf pines growing under natural conditions. 

Pathogenicity of Torula margmata and Poria cocos on Boots 
of Shortleaf Pine Seedlings 

The possibility that the dieback of the feeding roots on little-leaf trees 
is caused by fungi was studied further by testing the pathogenicity of 
Torula marginata and Poria cocos to the roots of 2-year-old shortleaf pine 
seedlings. Nonsterile soil was used in this experiment. The roots of the 
seedlings were inoculated at the time of transplanting by scattering the 
grains of cooked wheat inoculum through the soil about one-half inch from 
the roots. The controls were inoculated with sterile cooked wheat. 
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All of the isolates of Poria cocos spread rapidly in the soil and caused 
heavy losses (Table 4) of plants in a relatively short time. For all isolates, 
the number of plants killed in 12 to 90 days varied from 79 to 100 per cent 
per series. In single series with isolates 53, 15, and 12, from 88 to 100 per 
cent of the plants were dead on the twelfth day after inoculation. The 
mycelium spread rapidly through the nonsterile soil and poroid mats formed 
on the surface of the soil in 14 days in some of the pots. 

The feeding roots of the affected plants were decayed and the infections 
in the taproot extended upward for varying distances, and in a few instances 
involved the entire length. The bark on infected taproots was loose and 
dark brown and the stele was light brown, both being sharply demarcated 


TABLE 4. — JPathogenicUy of Torula marginata and JPoria cocos on roots of B-y ear- 
old shortleaf pines grown in pots of nnsterilized soil 


Total 

Duration 

Inoculum 

Plants dead 

Pots 

Plants 

No. 

No. 

Bays 


Per cent 

6 

24 

185 

Torula 50a 

79 

6 

24 

185 

Torula S4b 

83 

^ i 

16 

185 

Torula 56 

75 

6 

24 

185 

Sterile wheat 

21 

6 1 

24 

185 

Sterile wheat 

13 

6 

24 

12 

Poria 53 

100 

6 

24 

90 

Poria 53 

79 

6 

24 

12 

Poria 15 

100 

6 

24 

10 

Poria 12 

88 

4 

16 

90 

Poria 12 

100 

6 

24 

78 

Sterile wheat 

8 

6 

24 

90 

Sterile wheat 

0 


a Stock culture number of tlie isolate. 

^ P. V. Siggers isolated Tor%hla S4 from roots of slash i^ine seedlings at a forest 
nursery in Mississippi. 


from tlie live tissues. Foria cocos was reisolated from the steles of the in- 
fected taproots. Eoots of all sizes killed by Poria were soon invaded by 
Trichoderma^ which caused the steles to turn dark green or black. 

The isolates of Torula (Table 4) were definitely slower in their action 
than those of Poria^ and the seedling losses occurred sporadically throughout 
a much longer time. The seedling losses in single series of 3 different iso- 
lates were 75 to 83 per cent during 185 days. The losses in the two control 
series were only 13 and 21 per cent, Torula S4, which is one of the isolates 
from a Mississippi nursery, caused a slightly higher loss than the brown- 
patch isolates. Although the losses from Torula are high, they are not quite 
so high and did not occur so rapidly as the losses from Poria. 

Both Poria cocos and Torula marginata were pathogenic to the roots of 
2-year-old shortleaf pine seedlings. 

The feeding roots of the affected plants were decayed and the deeper 
parts of the taproots were killed. By the end of the experiment the sur- 
vivors among seedlings inoculated with Torula had produced much less shoot 
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growth than the plants in the controls, which indicated that the Torida inav 
have a stunting effect on shoot growth. 

A further test of the pathogenicity of Form cocos and Tonila marainata 

riTf the roots of 2-year-old shortleaf pines that had been 

p d for several months. The roots were inoculated by plaeiim a table 

sSdW soil about one inch from each 

1 were inoculated with sterile wheat, 

he plants in all of the series remained healthy but dormant from the 

n?' „ “‘ 2 , until the iet ,eek £ April “943 

Djing of seedlings started during the last week in Anril 104^ u, i ’•+ 
tinned throimiimH Mo-tr tu, irpnl, 1343, and it con- 

Of the seni^ttlS' »» 

With Poi la, and 58 per cent for the 2 series with Torula (Table 5) . Seedling 

estmished shlnUaflinr^ellin^^^ marginata on the roots of 


Inoculum 


Sterile wheat . 

Poria 15a 

Poria 53 I 

Torula 50 * 

Torula 56 


Plants inoculated 


“ stock culture number of the isolate. 


Bead plants 

Per cent 
9 
71 
70 
63 
53 


losses ill the control series w^ere low averaon’na* AnKr o ^ 

according to WeUmI?s''Ji4)^telhniqu^^^^ 

medium consisting of 0.004 M KHuPO 0 008 TVT grown in a liquid 

and filtered extract of 200 g of 5ato:; per hter S 

were planted in pots of nonsterile soil A-n seedlings 

whether or not the addition n-F b + was made to determine 

genieityofthe fn^^ affect the patho- 

mixture of 2 parts of cSv trf T f in a 
volume. Each series consisted of 6 pots^ittd 

, of in.o;uSuTuT„:etb::truSh'f ““<> 

of seedliugs in ,U A!®; ?“ 19«- Dying 

timo of „e, Itu. ! »* ^P'“ at tie 
ling W* were hijh in all of Z eeA ''»?■ The total seed- 

75 per eent for P„Z 5 “ i„ °f, Z Pat ''at for Pena 63 in soil, 

in soil. The addition of hnmiis ZZ'*? Pet for Poria 15 

ot.ie.dditi„n„fwood:rrtZ-oXS^^^^^^^^ 


1945] Jackson: Little-Leaf Disease OF SouTHEEN Pines 103 

and. Tortila nwginaia, to tlie roots of pine seedlings. Two parts of coarsely 
screened woods litter were mixed with 3 parts of sandy loam soil, by volnine. 
Three-year-old shortleaf pines were planted at the time of inoculation in 
metal flats measuring 12 x 24 x 8 inches. The roots were inoculated by mix- 
ing 2 tablespoonfuls of granular cooked wheat inoculum with the soil used 
for setting the roots of each seedling. 

The percentages of dead plants (Table 6) resulting from inoculations 
with Poria cocos and Tonda margimta were large in both the soil and the 
soil plus humus series, varying from 53 to 83 per cent per series. The per- 
centages of dead plants in the control series- were low, being 5 per cent or less 
for both soils. Since the losses from Poria were larger in the straight soil 
series, and the losses from Torula were larger in the soil plus humus series, 
it is concluded that the addition of humus at the time of inoculation did not 
definitely affect the pathogenicity of these 2 fungi. 


TABLE 6. — Effect of addition of humus to soil on 'pathogenicity of Eoria cocos and 
Torula marginata to roots of shortleaf pine seedlings 


Kind of soil 

Inoeulum 

Elats 

Plants 

inoculated 

Bead 

plants 



No. 

No. 

Per cent 

Straight soil 

Sterile wheat 

6 

60 

3 

do 

Torula 56a 

3 

30 

53 

do 

Eoria 53 

3 

30 

83 

Soil plus humus 

Sterile wheat 

6 

60 

5 

do 

Torula 56 

3 

30 

60 

do 

Poria 53 

3 

30 

63 


a Stock culture number of the isolate. 


Tlie results of the seedling* inoculations have demonstrated that Foria 
cocos and Tonda marginata are capable of destroying the fine lateral roots 
as well as the taproots of shortleaf pine seedlings. Poria cocos was definitely 
more virulent, as shown by the higher percentages of dead plants, than 
Torula marginata in all of the tests. The pathogenicity of the tuekahoe 
fungus {Foria cocos) confirms "Wolfes (15) assumption, which was based on 
a detailed study of the characteristics of the tuckahoes of Foria cocos on pine 
roots, that the fungus is probably parasitic. In a later paper, Wolf (16) 
reported that the tuekahoe fungus on maize was a pure saprophyte, but he 
reiterated the fact that on pine the evidence indicates that the sclerotia are 
the result of pure parasitism. Weber (13) did not state whether or not the 
tuekahoe fungus {Poria cocos) was parasitic on the roots of orange trees. 
More recently, Davidson, Campbell, and Vaughn (5) reported that Poria 
c<9C(95 causes a brown rot of roots and trunk heartwood of oak and other 
hosts. The results of the present investigation indicated that the tuekahoe 
fungus must be regarded as a root pathogen. Although it has been demon- 
strated that the strain of Poria cccos isolated from tuckahoes associated with 
roots of little-leaf trees is pathogenic to the roots of pine seedlings, it is not 
known whether the fungus is capable of attacking in like manner the feeding 
roots of adult pines. 
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A review of the literature failed to reveal any information on the patho- 
genicity of species of Torida to the roots of pine. According to Boyce (1) , 
Torula Ugniperda is associated wdth discolorations in hardwoods, and the 
fungus has been found causing stain in the heartwood of living paper birch 
and yellow birch. Cooke (4) has reported that Eavenel found Torula 
diversa Cke. on leaves of Agave at Darien, Georgia. The results of the pres- 
ent investigation have demonstrated that the Torula associated w^ith brown 
patches is pathogenic to the roots of pine seedlings. As in the case of Porta^ 
it is not known whether the fungus is also capable of attacking the feeding 
roots of adult pines. 

SUMMARY 

A serious deterioration and dying of southern pines known as little leaf 
is widely distributed in the Piedmont region of several Southern States and 
the upper coastal plain of Alabama. Little-leaf trees have yellowed 
needles, shortened internodes of the twigs, and reduced diameter growth, 
and they die prematurely. This paper has presented the results of studies 
on the destruction of roots by pathogenic fungi. 

No pathogenic fungi that appear to be responsible for the little-leaf 
disease were found associated with the aboveground parts. 

The root systems of little-leaf trees are consistently more defective than 
those of healthy trees. The root defects that have attracted attention are 
dieback of feeding roots, dead primary and lateral roots, pitch cankers on 
the larger roots, and the excessive exfoliation of bark on the smaller roots, 
known as brown patch. 

There was no observable difference in the gross morphology of the root 
systems of diseased and healthy trees. Roots of all sizes on little-leaf trees 
and lai’ge primary roots of healthy trees are usually covered with brown 
patch. On healthy trees, the roots less than one inch in diameter have only 
small and widely scattered brown patches. 

There was no observable difference in the condition of the mycorrhizae 
of little-leaf and healthy trees. 

Brown patches occur normally on roots of healthy trees of 4 species of 
southern pines. It is the abundance rather than the presence of brown 
patches on pine roots that is regarded as an important symptom of little leaf . 
A species of Torula is consistently associated with newly formed brown 
patches. 

Root-bark phloem contains abundant starch over much of the year. An 
abundance of deep brown patches, such as occurs on roots of little-leaf trees, 
must result in a reduction of the food-storage capacity of the roots. 

Pitch cankers occur on the roots of diseased and healthy shortleaf pines. 

Sclerotia of a soil-inhabiting fungus known as Porta cocos were found 
frequently on roots of little-leaf trees but not on healthy trees. 

The cultural characteristics of the strain of Porm cocos isolated from 
tuckahoes and the species of Torula associated with brown patches are 
described. The new specific name of Torula marginata has been given to 
the brown patch 
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Poria cocos and Torula marfifinate produced brow patches and wood 
infections when inoculated on roots of adult shortleaf pines. When inocu- 
lated on the roots of shortleaf pines 2 and 3 years old grown in pots of 
nonsterile soil, both fungi attacked the roots and killed a large percentage 
of the plants. The percentages of dead plants were higher in the Poria 
series than in the Torula series. The addition of woods humus to the soil 
at the time of inoculation failed to affect the pathogenicity of Poria and 
Torula. 
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liftlo leaf is coimiioii, from diseased trees in tliis same area, and from liealtliy 
trees near Asheville, N. C., about 40 miles from the nearest known little-leaf 
disease. Since the roots of diseased trees are altered in a waj" that might 
explain the trees' decline, attention has been focused on the reserve food 
content of the roots, supplemented with parallel data on the trunks, through- 
out the course of one year, and data on food in the needles at one period in 
the spring. 

SOME EARLIER WORK ON DISTRIBUTION OP CARBOHYDRATE 
RESERVES IN TREES 

Food reserves in plants are of many types, consisting mainly of carbo- 
hydrates, proteins, fats, and oils. In trees the carbohydrates, largely starch, 
are the most prevalent. Simiott (16) and Preston and Phillips (11) have 
review^ed early work dealing with the possibilities that hemicellulose^ is also 
a functional food source. The role of hemicelluloses as reserve foods has not 
been convincingly demonstrated, and opinion prevails that if they have such 
a role, it may be only under extreme circumstances when starch and sugars 
have been exhausted. Very little of the earlier work on reserve foods was 
done on roots, and most of the observations were based upon qualitative 
iodine tests for starch, rather than upon chemical analyses. 

Preston and Phillips (11) have given an excellent review of the state of 
knowledge of tree reserve foods in 1911. Their review and experiments 
indicated the f ollowing : 

1. During the wdnter the starch content drops to a minimum in the stems 
and twigs of most trees in temperate climates. 

2. A few species, both hardwood and softwood, show considerable in- 
crease of fat in phloem and xylem in winter, but not enough to account for 
the amount of starch, that disappears. 

3. In the roots the transformations do not keep pace with those in the 
stem, and starch remains the entire year, wdth the greatest reduction occur- 
ring in spring. 

4. Fabricius (4) stated that the older stem of Picea excelsa does not 
transform its starch to so great an extent as do the younger stems. Pres- 
ton and Phillips' own work also showed less change in older stems. 

5. Sablon (13) maintained that the maximum for total carbohydrate 
reserves for deciduous trees is at the time of leaf fall in the autumn, whereas 
the maximum for evergreen trees is at the time of opening of buds in the 
spring. 

6. Sablon (12) and Schellenberg (14) concluded that a principal carbo- 
hydrate reserve of trees in winter is hemicellulose, and attempts were made 
by the Europeans to demonstrate this both by chemical analysis and by evi- 
dence of changes in the thickness of cell walls and wall erosion, in the spring. 

Sinnott (16), following the work of Fischer (5), classified a large number 

2 Tlie term is here used as a collective one, for those polysaccharides that bridge the 
gap between true cellulose and the clearly recognized reserve carbohydrates like starch 
(7,p.40). 
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of genera of trees and sPrubs as “starch trees” or “fat trees,” depending 
upon the predominant food reserve in pith and wood of twigs and young 
branches during mid-winter. Most of the gymnosperms were classified as 
fat trees, a few as starch and fat trees, and none were called starch trees, 
while the order was reversed for angiosperms. Since Sinnott’s test for fat 
was simply staining with Sudan III, he must have classed as resei've fats the 
resins of the conifers he worked with. In fact, he mentions their accumu- 
lation in ray parenchyma and resin canal epithelium. These resins stain 
readily with Sudan III but generally are not regarded as food reserves, being 
the oxidation products of terpenes, and largely irreversible. Miller (10) 
states that aside from their protective influences, no biological use of these 
substances is known. The interpretation of Sinnott (16)', Fischer (5), and 
others, to the effect that these resins are food reserves affects acceptance of 
their views on food transformations. Sablon (12) did not regard the fats 
as major food reserves, but maintained that when starch decreased in winter 
the conversion was largely to hemieellulose, and that digestion of this reserve 
hemicellulose was an important source of carbohydrate in the spring. 

Sinnott (16) states Avith respect to stems, twigs, and small branches, that 
“in all species starch disappears in the fall almost completely from phloem 
and cortex, and even in the starch trees it is much reduced in the wood as 
well. ’ ’ The present work refutes this for shortleaf pine. He further states 
that his data show that the character of the food reserve in any cell depends 
primarily upon the ease with which water or substances carried by water 
have access to the cell. Where the movement of liquids is slow and difScult, 
the 1 eserve persists as starch ; where such movement is easy, starch disap- 
pears at the beginning of winter and fat is produced. He does not say 
whether he considers that this fat changes back to a carbohydrate again to 
be used by the plant in the spring. Since much of his “fat” was resin, such 
change apparently camiot take place. 

Traub (17) found that the reserve carbohydrates in peach twigs reached 
their maximum just after leaf fall, and that they were made up largely of 
pentosans and to a much less extent of hexosans. 

In reviewing past work it is necessary to keep in mind continuously the 
organ discussed, whether young twig, old trunk, or root, and the kind of 
plant— deciduous or evergreen, tall tree or small shrub. Too often authors 
refer to the carbohydrate content of a tree at a certain time when they really 
mean a specific organ such as the twig, or the root. Pew workers have 
studied reserve food changes in all important organs of a plant simultane- 
ously. 

METHODS 

Prom the high starch content in the outer phloem of shortleaf pine roots 
over much of the year, easily demonstrable with or without the use of iodine- 
potassium iodide (IKI) (Pig. 1, B, by Jackson (9)), it was obvious that 
starch is undoubtedly a very important food reserve in the root. In quanti- 
tatively studying these reserves from the standpoint of comparing little-leaf 
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trees with healthy trees, analysis must include at least starch, the sugars, 
and the carbohydrates intermediate between them. Since the question of 
whether hemieelluloses normally function as reserv^e foods is not settled, the 
analysis did not include hemieelluloses. Neither was an analysis of pento- 
sans made. From the fact that in the shortleaf pine the storage tissues of 
wood and bark are gorged with starch over much of the year, it appeared 
most reasonable to use as an index of general organic nutrition the sum of 
starch, sugars, and their intermediate products. To determine the best 
method of hydrolyzing the carbohydrates to glucose, samples from a single 
lot of ground root bark were digested with takadiastase, digested with a 
proprietary diastase preparation, or were autoclaved with 3 per cent hydro- 
chloric acid, which not only hydrolyzed the starch but the hemieellulose as. 
Avell. The elfect of clearing with lead acetate following hydrolysis was alsO' 
tested. Table 1 gives the results of these preliminary tests, using the 
Shaffer-Somogyi method of sugar analysis, as described by Heinze and Mur- 
neek (8). , 


TABLE 1. — Amount of reserve carhohydrate in root harh as determined Iry enzyme 
and acid hydrolysis 


Treatment^ 

Beserve food, in terms of 
glucose, as a percentage of 
oven-dry weight of bark 

Takadiastase, not cleared 

19.5 

Proprietary enzyme compound, not cleared 

14.2 

Proprietary enzyme compound, cleared^ 

11.3 

Acid hydrolysis, not cleared 

31.2 

Acid hydrolysis, cleared 

17.0 


a Eight replications of each test. 

Neutral lead acetate followed by potassium oxalate. 


Takadiastase seemed to liydrolyze tlie reserve carbohydrate somewhat 
more completely than the other enzyme preparation, and was far less drastic 
than the acid hydrolysis, which took out considerable substance that might 
not serve as reserve food. It is felt that the hot-water-soluble carbohydrates 
produced by takadiastase digestion plus the other w^ater-soluble carbohy- 
drates come close to representing the more important food reserves of the 
shortleaf pine. By adopting this method for all subsequent analyses, all 
data are comparable and the nature of the carbohydrates determined is 
understood. 

Bach month two little-leaf trees and two nearby healthy trees were cut 
near Dadeville, Alabama, and two healthy trees near Asheville, North Caro- 
lina. The trees were between 6 and 8 inches in diameter, at breast height, 
and dominant or codominant. A 6-inch disc was cut from the trunk at 5 
feet above the ground, and a 2-foot-long section from each of 2 roots about 
an inch in diameter was grubbed out. Preliminary tests had shown that the 
carbohydrate content of the trunk at 5 feet well represented the stem up to 
a height of 25 feet, that the bulk of the extending roots range from i to 1| 
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indies in diameter, and that within these limits root size had little effect on 
carbohydrate content on a dry-weight basis. These tests determined the 
type of sampling. The dimensions of the pieces were measured and the bark 
area and wood volume computed. All of the root wood and the bark from 
the two 2-foot root sections and the stem piece were ground in a Wiley mill. 
Since the stein block was larger than needed for a wood sample, two sectors 
of wood were cut out of each disc and their volumes coinpiited. Immedi- 
ately after collecting the samples in the field they were dried for two or three 
days at 75° C. to fix them. They were then ground. The sawdust was dried 
to constant weight at 75° C. Two 2-grain samples were taken from each 
batch. We thus had duplicate samples each month from two localities: two 
diseased and four healthy trees in all, one stem sample and two root samples 
from each tree, and from each sample both bark and wood tissue, separately. 

The 2-gram samples were steeped in ether for three days to remove the 
resins; they were filtered and the residue and the filter paper returned to 
the flask ; 100 ml. of distilled water were added to each and they were sim- 
mered for 20 minutes to saturate the sawdust ; after cooling, 50 mg. of taka- 
diastase were added to each and the flasks kept at 38° C. for 24 hours with 
frequent agitation; and then they were autoclaved at 15 lb. pressure for one 
hour, and filtered. Ten ml. of filtrate were drawn off if bark, and 25 ml. if 
wood, and this made up to 50 ml. with distilled water, and 5 ml. of concen- 
trated hydrochloric acid were added. The flasks were then simmered for 
2 hours in a reflux condenser to completely hydrolyze to glucose all carbo- 
hydrates now in solution. The solutions were neutralized with sodium 
hydroxide solutions, first with a saturated solution, finishing with a solution 
10 per cent of saturation; 3 ml. of a saturated solution of neutral lead 
acetate were added to clear the tannins, etc. ; the solutions were filtered, each 
onto 9 grams of potassium oxalate to remove the lead, filtered again and 
made up to 150 ml. with distilled water. Heinze and Murneek’s (8) descrip- 
tion of the Shaffer-Somogyi method wms followed to determine the amount of 
glucose in the final solution. It is of interest that, whereas Heinze and Mur- 
neek got complete reduction by their alcoholic extracts of plant tissues after 
15 minutes, a 45-minute heating period was required to get complete reduc- 
tion with the present aqueous extracts. In the case of wood extracts, clear- 
ing with lead acetate had no effect upon the final result, and'ihence was not 
done in most of the work. 

The method is remarkably precise. Duplicate samples gave almost identi- 
cal results, while the slightest difference in amounts in the tissues showed up 
clearly. The procedure is time-consuming, and in the present case one 
month ^s samples were completed just in time for the next, with an assistant 
devoting full time to the 72 samples analyzed each month. 

The analyses provided figures on the total carbohydrates, from starch and 
the higher sugars to glucose, all converted to and expressed in terms of glu- 
cose. This fraction will be referred to as reserve food. By weighing the 
total dried wood and bark samples, and by getting the volume of the wood 
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samples and the area of the bark samples, it was possible to express the 
reserve food in the following ways: for both bark and wood as a percentage 
of the total oven-dry weight, in the ease of bark in terms of milligrams of 
glucose per square inch of bark, and in the case of wood in terms of milli- 
grams of glucose per cubic inch of wood. For bark, expressing reserve food 
as a percentage of the oven-dry weight has disadvantages. Shortleaf pine 
trunks vary considerably in the thickness of the outer bark. Since the food 
reserves are largely confined to the living cortical tissue, if one tree had thick 
outer bark, its food content, expressed in terms of percentage of the oven- 
dry weight of the bark would be very much lower than another tree with thin 
outer bark, but the same amount of inner bark. For trees of 6 to 8 inches ' 
diameter, the bark thickness often varied an inch or more between trees. 
To minimize the influence of the outer bark on the final figures, the stem 
sections were peeled close to the inner bark before stripping the bark for 
grinding and weighing. The root bark was not trimmed or scraped, but 
only the dirt was washed off, before peeling and grinding. 

EESULTS 

The great bulk of the bark starch is in the outer phloem. There is also 
abundant starch in the ray parenchyma, and in those phloem parenchyma 
cells, scattered among the sieve tubes, which will later expand to form the 
major phloem storage tissue. Starch is regularly absent from the sieve tubes 
and from the cortical cells cut off by the pheliogen and constituting the outer 
bark. These patches of outer bark on small roots are referred to as brown 
patch, since they give the impression of being dead lesions on the normally 
reddish turgid bark of these roots. In the wood, starch occurs in the living 
elements such as ray parenchyma, pith, and resin canal epithelium. 

The Annual Cycle of Reserve Foods in Trunk and Root 

Figure 1 presents the carbohydrate cycle over the course of one year for 
healthy and little-leaf trees. This figure is put on a basis of milligrams of 
glucose (all starch and sugars being converted to glucose) per square inch 
of bark and per cubic inch of wood. These have proven to be better bases 
on which to follow the cycles than is the percentage of the oven-dry weight, 
since the curves are more regular. Table 2 presents the ranges covered by 
figure 1 in terms of percentage of the oven-dry weight. 

The following conclusions may be drawn from figure 1 : 

1. There was good agreement between the cycles for healthy trees from 
North Carolina and Alabama. The sudden dip of the June point for Ala- 
bama root bark is unexplained. The North Carolina curves, based on trees 
far from the little-leaf belt, were more regular than the Alabama curves, 
based on trees intermixed with little-leaf trees. 

2. Roots of little-leaf trees had much less reserve food than roots of 
healthy trees, and their graph shows no cyclical pattern beeaAise the great 
variation between diseased trees overshadows the cyclical changes. 
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3. The stem and roots of normal trees had their maximum accumulation 
of reserve food in the early spring. This cheeks with gabion’s (13) obser- 
vations on Pinus australis Michx. f . Minimum reserves occurred in the roots 
in the fall, and in the stem the minimum was maintained all year except for 
a short high period in the spring. 

4. Little-leaf root bark samples taken in February, May, and July were 
almost completely depleted of food. Although tests showed between 60 and 
75 milligrams of glucose per square inch (about 8 per cent), inert outer bark 
will test over 4 per cent because of substances that, although not associated 
with living tissue, are converted to glucose in the process of extraction. 



HEALTHY, ALABAMA 

little leaf, ALABAMA 

Fig. 1. Annual cycle of reserve food changes in shortleaf pine stems and roots. 

Duplicate runs from the same batch of sawdust gave almost identical 
results. Variation in carbohydrate content between healthy trees or be- 
tween roots of the same healthy tree, for a given month, was usually not 
great. The variability between roots of the same tree, expressed as a per- 
centage of the mean for the two roots of each tree at each month, averaged 
26 per cent, and when expressed as an average did not differ between dis- 
eased and healthy trees. There was more pronounced variability, however, 
between the roots of certain diseased trees. In October, healthy roots were 
near food exhaustion, but certain little-leaf roots were extremely low at times 
of the year when normal roots were at their highest. In March, when nor- 
mal roots had maximum food, one root of a little-leaf tree had 24 per cent 
reserve carbohydrates, while the other sampled root of this tree had 6 per 
cent; Such differences indicate that diseased trees may succumb root by 

♦ . ■■■ 


TABLE 2 . — Beserve carbohydrate as a percentage of the oven-dry weight 
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root, rather than by uniform decline of the root system. If this is so, there 
exists the implication of pathogenic action rather than unfavorable soil con- 
ditions. The variability between the two trees cut at each period averaged 
27 per cent for healthy trees and 64 per cent for diseased trees, and this 
difference was highly significant, statistically. This high variability from 
tree to tree for diseased trees was due to unequal severity of the disease, and 
accounts for the irregularity of the cyclical graph for diseased trees in 
figure 1. 

5. The seasonal effects in root bark and wood were similar and were more 
pronounced than in the stem. Seasonal effects for stem bark and wood were 
similar to each other, were more irregular than for corresponding root tis- 
sues, and the general level w^as lower. 

The importance of keeping in mind the plant and plant organ in question 
can be illustrated by a few examples. Aldous (1) found that in the stems 
of sumac (BMcs glabra L.) and buckbrush (Symphoricarpos orbiculatus 
Moench) the least starch appeared while the plants were in flower and the 
maximum of starch was regained by about August 15. The shortleaf pine 
stem and root in the present work (Fig. 1) approached a minimum of food 
reserves in mid-August. Traub (17) found that the hexosans disappeared 
almost entirely from the cortex of apple twigs during the winter, and most 
observers have noted a depletion of starch in winter in stems and twigs of 
deciduous plants. In the shortleaf pine, however, the food reserves of the 
stem held constant all wdnter, whereas the root reserves, mostly starch, in- 
creased steadily and markedly all winter, reaching a peak in early spring 
(Fig.l). 

Beserve Food Content of Stem^ Booty and Foliage 

Having in mind the profound effect of season on carbohydrate content of 
roots, we can now consider the average amount of stored food for the differ- 
ent tissues for the year as a whole. Figure 2 presents these averages for 
stem and root, and is based upon the data that were used to construct the 
seasonal curves. 

The roots of healthy trees, both bark and wood, had roughly twice as 
much food per unit area or volume, as roots of little-leaf trees. The roots 
of little-leaf trees at times were almost completely devoid of food. 

The stems of healthy trees, both bark and wood, had no more food than 
the stems of diseased trees on either unit basis used. 

In healthy trees, root bark had about twice as much food as stem bark, 
on either unit weight or unit area basis. Eoot bark had about three times 
as much food as root wood, and seven times as much as stem wood, on a unit- 
weight basis. In the average normal root 1 inch in diameter, 68 per cent of 

the reserve food is in the bark. The root bark is thus a tissue of great storage 
capacity. 

In interpreting the bark data in figures 1 and 2, and table 2, consider- 
ation must be given to the fact that a fraction of the carbohydrates extracted 
and converted to glucose in the analysis was probably hot reserve food. As 
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OVEN DRY WEIGHT BASIS 



PER SQUARE INCH PER CUBIC INCH 



H| -Healthy, North Corolina 
Hz" Healthy, Alobomo 
L - Little leof, Alobomo 

Fig. 2. A, average reserve food content of shortleaf pine stems and roots, for the 
yeai*, as a percentage of the oven-dry weight j B, converted to milligrams of glucose per 
square inch of bark and per cubic inch of wood. 

already mentianed, fiinctionless outer bark, even when cleared of tannins 
and other coloring materials, tested about 4 per cent glucose. If we correct 
for this 4 per cent unavailable carbohydrate, in the bark histograms of fig- 
ure 2, A, we find that root bark has nearer two and one-half times the reserve 
food of stem bark over the year as a whole, per unit weight. 
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Conditions did not permit so exhaustive a study of the carbohydrate con- 
tent of other organs as was given the root and stem. In April, 1943, how- 
ever, foliage and roots were analyzed from two healthy trees and two trees 
in advanced little leaf, near Pickens, South Carolina, to determine the rela- 
tion of the amount of elaborated food in the foliage to the amount in the 
roots, between and within little-leaf and healthy trees. The investigation 
of this phase was also stimulated by the findings of Haas (6), "White-Stevens 
(18), and others, to the effect that boron deficiency induced a high carbo- 
hydrate content in foliage and a low content in the roots. Some indications 
of benefit to little-leaf trees by additions of boron made this of particular 
interest. 

The root bark of the two healthy South Carolina trees had 303 mg. of 
reserve food per square inch (33 per cent on oven-dry weight basis), com- 
paring very favorably with healthy North Carolina (30 per cent) and Ala- 


TABLE 3. — The reserve food content of needles and root harlc of little-leaf and 
healthy trees in April, 1943 


Carbohydrate content of tissues 

Healthy 

trees 

Little- 

leaf 

trees 

Per- 

centage 

reduction 

Leaves 

Carbohydrates, as per cent of oven-dry weight 

16.6 

11.5 

31 

Carbohydrates, as per cent of fresh weight 

7.3 

4.7 

36 

Carbohydrates, as mg. per linear inch 

1.01 

0.62 

39 

Carbohydrates, as mg. per needle 

2.69 

1.10 

59 

Boot baric 

Carbohydrates, as per cent of oven-dry weight 

32.9 

11.8 

64 

Carbohydrates, as mg. per square inch 

303.0 

101.0 

67 


bama (33 per cent) trees for April of the preceding year (Fig. 1). The two 
diseased trees had an average of 101 mg. per square inch (12 per cent). 
From each of these trees 1,000 needles were removed by stripping several 
random twigs completely. The fascicles were removed, and the needles were 
measured and their fresh and oven-dry weights (at 75° C.) computed. Two- 
gram samples were used as in the other analyses. Table 3 presents the 
needle and root data for these trees. 

The portion of the healthy twigs that bore needles (usually 2 years’ 
growth) averaged, in length 4.4 times the needle-bearing twig length of the 
diseased trees. Buchanan (2) also found, for needle-bearing twig length, 
a ratio of about 4 to 1 for healthy compared wdth advanced little leaf. Table 
3 shows that the average needle of a little-leaf tree contained only 41 per 
cent as much food as that of a healthy tree. Since there are only about one- 
fourth as many needles on the living twigs of diseased trees, the total foliage 
food content of the diseased trees is only about 10 per cent of normal. Since 
trees in advanced little leaf usually have 30 or 40 per cent of their twigs 
dead, we finally arrive at a food content of the green parts of trees in ad- 
vanced little leaf of 3 or 4 per cent that of healthy trees. From this very 
great reduction in produced food we find good reason for the extremely nar- 


1945] Hepting : Food Storage and Little-Leap Disease 117 

row annual rings formed by trees in the advanced stage of little leaf , for the 
very low food content of the roots, at times reaching almost complete exhaus- 
tion, and for the other symptoms of decline discussed by Buchanan (2). 

An extra analysis of carbohydrates in needles 1 and 2 years old on 
healthy trees showed the 2-year-old needles to have 95 per cent as much as 
the 1-y ear-old. Although 2-year-old needles had about as much total carbo- 
hydrates as the current year’s needles, in April, there still could be a ques- 
tion as to whether they synthesize food at the same rate as the current year’s 
needles. 

DISCUSSION 

The carbohydrate cycle for roots and stems of normal shortleaf pine, as 
brought out in figure 1, is very different from the cycle for hardwoods, as 
proposed by various authors already discussed. The varying conclusions of 
other authors have depended to a large extent not only upon the type of 
plant and the organ involved, but also upon which substances they con- 
sidered reserve foods. Certainly the cycle of food reserves would be quite 
different depending upon whether one included, in addition to starch and 
sugai', in the total reserves, hemicellulose, fats, pentosans, or other sub- 
stances. In the present work the amount of substances hydrolyzed by taka- 
diastase varied directly with the vigor of the trees, and it would thus appear 
that the amount of these substances (largely starch) comprises a good index 
of the amount of available food. 

The present work substantiates certain work of Sab Ion (12) on deciduous 
trees, concerning which he states that stems have less reserves than roots, 
and that stem reserves vary much less than root reserves, usually having a 
lower maximum and a higher minimum than root reserves. 

Buchanan (2) has described in detail the slow decline of the aerial parts 
of little-leaf trees, and Siggers and Doak (15) and Jackson (9) have de- 
scribed deteriorated roots, wdth dead root ends and excessive exfoliation of 
vital cortical tissue. The present work demonstrates that a marked reduc- 
tion in carbohydrate synthesis accompanies the external symptoms of little 
leaf, to the extent that the reserve food production of the foliage as a whole 
of trees in advanced little leaf, is less than 10 per cent of normal. Since no 
evidence has been found of any pathogenic organisms in the aerial parts of 
diseased trees (9), it seems very likely that the disease either originates 
helow the ground line as a pathogenic or physiogenic disturbance, or that 
it is a virus disease. 

That the roots of diseased trees should be deficient in food whereas the 
trunks have essentially normal amounts suggests that, under conditions of 
insufficient food production, either the trunk retains its requirements at the 
expense of the roots, or initial root deficiency is due to excessive brown patch 
destroying the capacity of the root to store food. The latter theory seems 
less likely because some of the little-leaf roots analyzed had very little brown 
patch and yet were very deficient in food. Starvation of roots would be ex- 
pected to result in the cork cambium cutting deeply into the phloem food 
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storage region. We may therefore regard the excessive exfoliation of cor- 
tical tissue in little-leaf roots as a result of the disease, and thus as a symp- 
tom, rather than as a cause. The loss of this vital tissue, however, means that 
if recovery from little leaf could be effected, there would, for a few years, be 
inadequate storage tissue in the roots to accommodate normal amounts of 
starch. Kapid improvement in the appearance of the trees, therefore, could 
hardly be expected until sufficient new root phloem was formed, even where 
successful treatments were in operation. 

Curtis (3) has concluded, from extensive experiments and review, that 
carbohydrates translocated to the trunk or root are used close to where they 
are stored, and do not come up again to be used in shoot growth. If we 
accept this view, then the low food reserves of little-leaf tree roots will be 
reflected largely by the roots themselves. The dead root ends common on 
such roots, as described by Jackson (9) and Siggers and Doak (15), may be 
the result of this root starvation, or the death of the fine roots may be a 
pathogenic condition that initiates little leaf. The many possible causal 
factors of the abnormality are being investigated bv other workers. 


SUMMARY 

Quantitative analyses were made of food reserves in the bark and wood 
of normal shortleaf pines and of trees with little-leaf disease. The analyses 
were made throughout one year for roots and trunks and at one period in 
the spring for foliage. 

The roots of normal trees had their minimum of reserve food in the fall. 
The amount increased all winter, reaching a maximum that was approxi- 
mately three times the minimum, in early spring. 

The stems of normal trees reached a maximum between April and June, 
and maintained a more or less constant lower level from July to March. 

In normal trees root bark had an average for the year of about twice as 
much reserve food as stem bark, on either unit weight or unit area basis, 
about three times as much as root wood, and seven times as much as stem 
wood, on a unit dry- weight basis. 

In a section of normal root 1 inch in diameter, 68 per cent of the reserves 
are in the bark, on an average basis for the year. 

The root bark of little-leaf trees had an average of less than half as much 
food as that of healthy trees, and at times reserve food was almost entirely 
absent from some roots of diseased trees. The stems of little-leaf trees had 
as much food as normal trees at all times. 

The average needle of little-leaf trees cut in April contained only 41 per 
cent as much elaborated food as the average needle of adjacent healthy trees. 
The total foliated parts of these trees wei'e computed to have a reserve food 
content less than 10 per cent of normal. Two roots from each of the same 
trees used in the foliage analyses showed the diseased to have a reserve food 
content of only 33 per cent of normal. 

The symptoms of decline in little-leaf trees appear to be due to a low 
synthesis of carbohydrates. The reason for the low synthesis is yet to be 
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discovered. The roots, which normally store much more food than the stems 
on a unit weight basis, and which fluctuate more in amount, seasonally, suffer 
most from inadequate nutrition. A striking effect of this root starvation is 
accentuated formation of rough bark owing to the cork cambium cutting 
deeply into the food storage region of the phloem. Thus less storage tissue 
remains in the root bark, and less food has to be accommodated due to re- 
duced synthesis. The excessive storage tissue is apparently cut off by cork 
cambium as it deteriorates as a result of starvation. 

Division op Forest Pathology, Bureau of Plant Industry, 

Soils, and Agricultural Engineering, Agricultural 

Research Administration, U. S. Department op Agriculture, 

in cooperation with 

Appalachian Forest Experiment Station, 

Asheville, North Carolina. 
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FUETHER TESTING OP COPPER FUNGICIDES FOR CONTROL 
OP TOMATO BLIGHT IN SOUTHWEST VIRGINIA^ 

R. G. Henderson- 
(Accepted for publication September 20, 1944) 

Experiments by the author (2) in southwest Virginia during 1940 to 1942 
inclusive showed that tribasie copper sulphate and cuprous oxide, applied 
either as a spray or as a dust, effectively controlled early blight {Alternaria 
solani (E. & M.) Jones and Grout), late blight (PhytophtJwra infestans 
(Mont.) de By.), and leaf spot (Sepforia lycopersici Speg.) of tomato, and 
thereby brought about a considerable increase in the yield of marketable 
fruits. Dusts w^ere about as effective as sprays in controlling these diseases. 
These results, together with the opinion that dusts are more practicable to 
use, because they are easier to apply, led to more precise comparison of effec- 
tiveness of cuprous oxide and tribasie copper sulphate applied as dusts. Be- 
cause McNew (5) indicated that increases in yield resulting from fungicidal 
applications were much larger on plots receiving well-balanced fertilization, 
the experiment included tests with side applications of nitrate of soda. The 
two fungicides were compared mainly under field conditions, but there were 
supplemental studies in greenhouse and laboratoiy. 

FIELD STUDIES 

The objective of the field studies was twofold: (1) to determine more 
precisely the relative efficacy of cuprous oxide and tribasie copper Sulphate 
dusts in controlling tomato diseases, and (2) to determine whether the bene- 
fit from the use of these materials as expressed in yield of marketable fruit 
could be further increased by supplemental applications of nitrate of soda 
during the growing season. 

Materials and Methods 

Tomato seedlings of the varieties Rutgers, Marglobe, and Pritchard 
grown in the greenhouse were transplanted on May 28 into the field where 
tests had been made the previous year (2). An application of 500 pounds 
per acre of 2-12-8 fertilizer was made in bands shortly before transplanting. 
In addition, half of the plants in each fungicidal treatment plot received 
supplementary applications of sodium nitrate at the rate of 100 pounds per 
acre on July 7, 50 pounds on July 20, and 100 pounds on August 3. 

The fungicidal treatments applied to each variety, in four replicates, 

1 Paper No. 122 from the Seetion of Botany and Plant Pathology, Biology Depart- 
ment, Virginia Agrienltnral Experiment Station, Blacksburg, Va. This is a portion of a 
thesis submitted to the graduate faculty of Iowa State College in partial fulfillment of 
the requirements for the degree. Doctor of Philosophy. 

2 The author wishes to acknowledge his indebtedness to Dr. Boyd Harshbarger for 
his assistance in making the statistical analysis of the data and to Dr. S. A. Wingard 
and Dr. G. C. Kent for their counsel during the investigation and assistance in preparation 
of the manuscript. 
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were: tribasie copper sulphate dust,’’ yellow cuprous oxide dust, ^ and an 
untreated control. The treatments were applied by a motor-driven duster 
on July 14, 22, 30, and August 10,' 14, 22, at the rate of 40 to 50 pounds per 
acre. Bach plot consisted of 1/60 of an acre which was further divided in 
order to accommodate the fertilizer treatments; so yield records were taken 
on plots of 1/121 of an acre containing 32 plants. The fruits were harvested 
as they ripened (when yellow-red), and then were graded and weighed as 
described previously (2). 

There was considerable rainfall during the 1943 season. A heavy rain 
of 4.86 inches within 48 hours after the first nitrate application probably 


TABLE 1. — Summarised yields of tomatoes in 1943 from plots of approximately 
1/30 acre 


Treatment 

Grade 

Rutgers 

Pritchard 

Marglobe 

Av. of 3 
varieties 

No 

nitrate 

Nitrate 

No 

nitrate 

Nitrate 

No 

nitrate 

Nitrate 

No 

nitrate 

Nitrate 



Lhs. 

Lis, 

i Lis, 

Lis. 

Lis. 

Lis. 

Lis. 

Lis. 

Tribasie 

No. 1 1 

328.5 

280.5 

' 242.3 

243.8 

248.8 

212.5 

273.2 

245.6 

dust 

No. 2 

265.5 

266.3 

i 278.8 

275.0 

287.3 

260.0 

277.2 

267.1 


Culls 

250.5 

279.0 

368.5 

323.5 

1 262.3 

273.8 

293.8 

291.9 


Rots 

24.5 

40.3 

22.5 

26.0 

27.5 

28.5 

24.8 

31.6 

Cuprous 

No. 1 

388.3 

304.0 

307.5 

305.3 

334.0 

261.5 

343.3 

290.3 

oxide 

No. 2 

243.3 

236.5 

343.8 

293.3 

283.8 ' 

275.3 

290.3 

268.3 

dust 

Culls 

219.3 

237.0 

314.5 

325.8 

240.5 

235.8 

258.1 

266.2 


Rots 

71.5 

58.5 

39.0 

30.5 

43.3 

39.3 

51.3 

42.8 

Check 

No. 1 

264.0 

237.0 

187.5 

193.3 

190.0 

178.0 

213.8 

202.8 


No. 2 

219.5 

217.5 

210.8 

204.3 

251.0 

210.0 

227.4 

210.6 


Culls 

271.0 

275.5 

310.0 

312.8 

308.5 

312.5 

296.5 

300.3 


Rots 

42.8 

35.0 

25.5 

22.0 

29.5 

33.3 

32.6 

30.1 

Average of 

No. 1 

326.9 

273.8 

245.8 

247.5 

257.6 

217.3 

276.8 

246.2 

all treat- 

No. 2 

242.8 

240.1 

277.8 

257.5 

274.4 

248.4 

265.0 

248.7 

ments 

Culls 

246.9 

263.8 

331.0 

320.7 

270.4 

274.0 

282.8 

286.2 


Rots 

46.3 

44.6 

28.8 

26.2 

33.4 

33.7 

36.2 

34.8 


leaelied most of the fertilizer from the soil. The total rainfall of 6.76 inches 
in June and 6.58 inches in July associated with high temperatures (5.5 de- 
grees above normal in June and 0.5 degrees above in July) created condi- 
tions favorable to the development of the pathogens. Under such favorable 
conditions the pathogens developed abundantly on the lower leaves of the 
plants during June and by early July many leaves on the upper parts of the 
plants were infected. The lower leaves of plants on the experimental plots 
were practically all destroyed by July 14, the date of the first fungicidal 
application. The weather remained favorable for disease development until 
after the first fruits were picked on August 11. After this date rainfall "was 

3 A commercial dust mixture prepared by a local distributor from tribasie copper 
sulphate manufactured by the Tennessee Copper Company. The metallic copper content 
was 6 per cent. 

A A commercial dust mixture prepared by a local distributor from yellow cuprous 
oxide manufactured 6y Bohm and Haas Gompany. The metallic copper content was 4.1 
per cent. 
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extremely deficient tliroiighont the remainder of the season and the mean 
temperature for August was 2.6 degrees above normal. The hot, dry weather 
during August probably hastened abscission of the diseased leaves. It can 
be safely stated that the 1943 season in the vicinity of Blacksburg was 
extremely favorable for the development of the tomato pathogens and rela- 
tively unfavorable for plant growth. 

Results of Field Test 

The yields of ripe fruits from the various plots are in table 1 and pre- 
sented graphically in figure 1. An analysis of variance on the yields of 



KEY: 


Av A 6 D Av. A B D Av. A 
FUNGICIDAL TREATMENT 
NO. I FRUITS ^ NO. 2 FRUITS ^GULL FRUITS | 


^ROTTEN FRUITS 


Pig. 1. Comparison of yields of fruit from the series of plots that received a basic 
application of fertilizer (cheek) with those from the series that received nitrate of soda 
in addition to the basic application. The unshaded column (Av.) represents the average 
yield for the series. The fungicidal treatments are: (A) tribasie copper sulphate dust: 
(B) cuprous oxide dustj (D) no treatment. 

marketable fruit (No. I’s and No. 2’s combined) is summarized in table 2. 
The average yield of the Eutgers variety was slightly higher than either of 
the others, but the difference between varieties was not significant. There 
was no difference in the response (interaction) of the varieties to the dust 
treatments. The average yield of marketable fruit for the three varieties 
from the plots dusted with cuprous oxide was 597 pounds, for tribasie copper 
sulphate 532, and for the undusted cheek 428 pounds. The differences be- 
tween these yields are highly significant; that is, the cuprous oxide treat- 
ment gave better results than the tribasie copper sulphate treatment and the 
tribasie copper sulphate treatment, in turn, gave better results than no 
treatment. 
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TABLE 2 . — Summary of analysis of variance on pounds of marTcetahle fruits in 
1943, 


Comparison 

Degrees of 
freedom 

Sum of squares 

Mean squares 

Blocks 

3 

11,328.94 


Varieties 

2 

1,458.25 

729.13 

Error (a) 

6 

2,253.97 

375.66 

Nitrogen levels 

1 

2,473.38 

2,473.38* 

Nitrogen x Varieties 

2 

457.53 

228.77 

Error (b) 

9 

2,740.76 

304.53 

Dusts : 

CugO vs. Tribasic 

1 

3,152.52 

j 3,152.52* 

Dusts vs. Check 

1 

18,564.06 

18,564.06* 

Dusts X V arieties 

4 

1,799.42 

449.86 

Dusts X Nitrogen 

2 

441.20 

220.60 

Dusts X Nitrogen X Varieties ...... 

4 

60.14 

15.04 

Error (c) 

36 

7,483.33 

207.87 

Total 

71 

52,213.50 





* Significant at 1 per cent level. 

The plots that received only the basic application of fertilizer gave sig- 
nificantly higher yields than those that received both the basic application 
of fertilizer and the supplementary applications of nitrate of soda ; the aver- 
age yields (three varieties) of marketable fruit from the two treatments 
being 542 pounds and 495 pounds, respectively. The first four pickings 
from the plots that received nitrate of soda were larger than those from the 
plots that received no nitrate of soda, but all the later pickings were smaller. 
The comparative picking yields from the Pritchard variety are illustrated 



EiG. 2. Yield of marketable fruit by pickings from the Pritchard variety from 1/30 
acre plots that received a basic application of fertilizer (cheek) as compared to the yield 
from plots that received nitrate of soda in addition to the basic application, and the rela- 
tion of these to rainfall. The rainfall data are from the U. S. Weather Bureau records 
for Blacksburg, Yirginia. 
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in figure 2 There was no interaction between varieties and nitrate fertili 

Prfichal difference in favor of no nitrate fertilization in the 

Pritchard variety was much less than that in the other varieties 

The uneven distribution of rainfall in July and August (Pig 2) nrob-i 
hly caused the plots side-dressed with nitrate of soda to vield lesTthL +h! 
not sMe-dressed During early August when 

tha^hf side-dressed with nitrate of soda were greater 

than those from the plots not side-dressed, but with the onset of the droimS 
1 late August the yields from these plots became less than those from plots 
not side^lressed. This depression of yield by the nitrate of "oda during 1 
7 probably explained by Weaver and Clements’ work m in 

wneh they found that plants side-dressed with nitrate of soda developed a 
shallow root system and for that reason were injured 12 ' w 

c 1 ought than plants not side-dressed with nitrate of soda. ^ 

labokatory and greenhouse tests 

The results of tlie field test indicated that the commercial cuprous oxide 

sr'riS O' to 

“■1" taf'" “'ootA of JoIS’.lTpl'S 

Materials and Methods 

seme, pathoseme ap„„Ia,i„g of AU,r,ar^ X,2’" “ 

In the greenhouse tests, tomato plants of the Bonnv Ra«+ -> ■ + 

recommended by McCallan and Wellman (4) were gro2 in 2 f ’ff 
potting soil in 4-inch pots and were about 8 to 10 inche, ST.t L ti 2 

dusts were applied. Uniform lots of 5 plants each were setcted pf'. ! 
was then removed to a T-oom ® selected. Each lot 

^idually. room adjoining the greenhouse and dusted indi- 

».o. no speeaf,n,:^;Td::t :r Im'Ti 

time it was dusted and the amount of ^ 

relatively small. The plants wero P 1 ,^ 1 * ^djliored to the leaves was 

the excess dust that fell on the more ^pfsefleaL'^^ftrtb^ to dislodge 
by Thomas (6). '"• Moore. It was the same strain as that desc?ib ”d 
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dusted, they were placed in a moist chamber for a few hours before the spore 
suspension of Alternaria solani was applied. 

The moist chamber was a glass-enclosed box large enough to accommodate 
about 30 pots. The floor of the box was covered with wet sphagnum moss. 
During the day the moist chamber was protected from direct sunlight to 
avoid overheating. The temperature in the chamber ranged between 21° 
and 28° C. 

The inoculum was sprayed onto the upper and lower surfaces of the 
leaves by means of a hand-operated atomizer. A sufficient amount of the 
suspension was applied to wet the surface of the leaves but not enough to 
run. After being atomized, the plants were returned to the moist chamber 
where a high relative humidity was maintained for 36 hours. 

Early blight lesions were visible on the leaves of inoculated plants in 
about three days but the readings were not made until after the sixth or 
seventh day. The fourth, fifth, sixth, and seventh leaves from the base were 
removed from the plant and all the lesions on all the leaflets counted and 
recorded as the total number of lesions per plant. 

Five greenhouse tests were run. In the first four, the full strength dust 
as received in the package was used, but in the fifth test the dusts in addition 
to being used full strength were diluted with tale in the ratio of one to three, 
one to one, and three to one. The checks consisted of a series of undusted 
plants and a series dusted with talc. 

Besidis of Lahoraiory Tests 

The laboratory data were inconclusive because of the wide variability of 
results from the different tests. This variability was apparently due to the 
cuprous oxide being difficult to wet with water, so that a portion of the toxi- 
cant floated on the surface of the drop of spore suspension, and also to the 
non-uniformity of samples resulting from treatment with poorly mixed tri- 
basic copper sulphate dust. In small dosages, cuprous oxide dust appeared 
to be more toxic to spore germination than similar dosages of tribasic copper 
sulphate dust, but in large dosages, the results were inconsistent. 

Results of Greenhouse Tests 

The tribasic copper sulphate dust applied to tomato plants in the green- 
house reduced the number of infections of Alternaria solani from an average 
of 120.25 per plant, as shown by the check, to 7.05 per plant; and cuprous 
oxide reduced the number to 1.85 per plant (Table 3). In four trials 
cuprous oxide consistently gave better control than tribasic copper sulphate. 

Dilutions of re-mixed tribasic copper sulphate dust with talc gave pro- 
gressively less control of early blight as the dilution increased (Table 4) . 
The one-fourth strength dust gave an average of 21.75 lesions per plant, 
while the one-half and three-fourths strengths gave 18.25 and 14.50 lesions, 
respectively. Dilution of cuprous oxide dust with talc did not give a pro- 
portionate reduction in control. The one-fourth strength gave 13.25 lesions 
per plant ; the one-half strength, 9,25; and the three-fourths strength, 10.75. 
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TABLE 3. — Numler of lesions developed on dusted and undusted tomato plants 
inoculated with Alternaria solani in 4 experiments in the greenhouse 


Treatment 

1 No. lesions on eacli of 5 plants 

Average 

per 

plant 

1 

2 

3 

4 

5 , 

Clieelc, not dusted 

104 ! 

67 

1 83 

115 

96 

93.00 


128 1 

27 

118 

56 

90 

83.80 


42 

29 

60 

75 

102 

61.60 


241 

206 

467 

66 

233 

242.60 

Average 

128.75 

82.26 

182.00 

78.00 

130.25 

120.25 

Tribasic dust 

16 

6 

i 19 

1 ' 

11 

10.60 


6 

7 

3 

3 

1 

4.00 


3 

6 

14 

5 

1 

5.80 


4 

10 

5 

2 

18 

7.80 

Average 

7.25 

7.25 

10.25 

2.75 

7.75 i 

7.05 

Cui}rous oxide dust 

3 

' 2 ■ . 1 

5 

2 

0 

2.40 

0 

1 

1 

3 

1 

1.20 


1 

5 

0 

3 

0 

1.80 


4 

6 

0 

0 

0 

2.00 

Average 1 

2.00 

3.50 

1.50 

2.00 

0.25 

1.85 


DISCUSSION 

Eecords for the past several years show that foliage diseases on unpro- 
tected tomatoes have reduced yields 30 to 40 per cent each year in southwest 
Virginia. Such consistent losses indicate that spraying or dusting of toma- 
toes in this area would be profitable each year. However, the returns from 
applying a fungicide depend not only on disease control but also on seasonal 
factors and soil fertility which determine the growth and productivity of the 
crop. This was clearly demonstrated in 1943 when the environmental fac- 
tors of the field test were unfavorable for optimum plant growth. The basic 
application of fertilizer was moderately light and a number of heavy rains 


TABLE 4. — Wumher of early 'blight lesions developed on tomato plants dusted with 
dif event dilutions of fungicides 


Treatment 

Batio 
dust : tale 

No. lesions on each of 4 plants 

Average 

per 

plant 

1 :.l 

2 

1 

! '3 . 

4 

Check 


202 

168 

71 

311 

188.00 

Talc 


52 

30 

39 

29 1 

37.50 

Tribasic dust 

1: 3 

19 

24 

1 19 

25 

21.75 


1:1 

11 

12 

1 36 

14 

18.25 


3: 1 

6 

24 

24 

4 

14.50 


1:0 

10 

15 

2 

1 

7.00 

Average ......... 


11.50 

18.75 

20.25 

11.00 

15.38 

Cuprous oxide 

1:3 

5 

13 

16 

19 

13.25 

dust 

1:1 

11 

16 

9 

1 

9.25 


3:1 

6 ' 

17 

17 

3 1 

10.75 


1: 0 

5 

11 

4 

3 ! 

5.75 

Average ......... 


6.75 

14.25 ' 

11.50 i 

6.50 

9.75 
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in. June and July further depleted the soil fertility through leaching of the 
soluble nutrients. Also, drought conditions in August and September were 
very injurious to the crop. Under these conditions, the increase in yield as 
a result of dusting was not so large as that obtained in previous years (2), 
but even under such adverse conditions the fruit from the dusted plants was 
of superior quality and there was an increase in yield of 2 or 3 tons per acre. 
It was obvious, too, that in 1943 the dust should have been applied at least 
10 days earlier for the best disease control. 

Side applications of nitrate of soda in this test depressed yields slightly, 
but the results might have been different had the rainfall been uniformly 
distributed throughout the growing season. 

The tribasic copper sulphate dust used in 1943 was definitely inferior to 
the cuprous oxide dust in preventing the foliage diseases. This inferiority 
was shown in the field tests where yield was the criterion and also in the 
greenhouse tests where the number of infections by AUernaria solani was the 
criterion. A comparison of the two materials in the laboratory by the spore 
toxicity test indicated that cuprous oxide was more toxic to s^iores of A. 
solani than tribasic copper sulphate in low dosages but these tests were 
inconclusive. The poor blending of the toxicant with the diluent undoubt- 
edly accounted in part for the poor showing made by the tribasic copper 
sulphate dust in the fi.eld, but the results of the one greenhouse test with a 
re-mixed dust indicated that a properly blended tribasic copper sulphate 
dust was also less effective in preventing infection by AUernaria solani than 
was cuprous oxide dust. The average number of early blight lesions on 
plants treated with the re-mixed tribasic copper sulphate dust was 15.38, 
while on plants treated with cuprous oxide dust the average was 9.75. This 
evidence is not conclusive but it indicated that the toxicity of tribasic copper 
sulphate to A. solani is less than that of cuprous oxide. Horsfall and Heu- 
berger (3) showed that the more finely divided forms of copper, as cuprous 
oxide, were moi'e toxic to fungi than the less finely divided forms, as tribasic 
copper sulphate. 

The most efficient use of metallic copper in the fungicide was in the form 
of cuprous oxide, because the cuprous oxide dust contained only 4.1 per cent 
metallic copper and the tribasic copper sulphate dust 6.0 per cent. In field 
performance, cuprous oxide dust in 1943 was superior to the tribasic copper 
sulphate dust and it was at least equally as good in previous years (2), 
Therefore, cuprous oxide should be recommended over tribasic copper sul- 
phate during the war period when a shortage of copper exists. 

summary 

Cuprous oxide and tribasic copper sulphate dusts were compared as to 
their effieieney in controlling early blight, late blight, and Septoiua leaf spot 
of tomatoes in southwest Virginia on plots receiving a basic fertilization only 
and on plots receiving supplemental applications of nitrate of soda, The 
toxicities of these two dusts to spores of AUernaria solani ‘were also compared 
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in laboratory and greenhouse. The data obtained warrant the followino- 
concltisions : 

1. Applications of the commercially mixed cuprous oxide dust available 
to growers m 1943 in southwest Virginia gave about 10 per cent higher yields 
than the commercially mixed tribasie copper sulphate dust. 

In 1943, when August and September were abnormally dry side 
8 p^^netnr depressed the yield of marketable fruit 'about 

theti?"i “i^ed cuprous oxide dust was more effective than 

_be tiibasic copper sulphate dust in preventing infection of tomato foliao'e 

btodSwTalta':*"' “““ ““'“““S' 

Virginia Agricultubal Experiment Station 

Blacksburg, Virginia. 

LITERATURE CITED 

1, „ Stoa.,afa.a„ o, F..swa„ 

Phytopath, S3 : 627-632 1943 protectant fungicides- 

4 '5SS'‘“ “ 

I Zi'1‘1'? “?’)■ «*>t t r &“ “« ■*» 

'■ '’“v4:"&xf™rSi"rTs “"m.. B„k 


ADDITIONAL SPECIES OP LILIUM SUSCEPTIBLE TO 
LILY-ROSETTE VIRUS 

Philip B e i e r l e y ^ and P l o y d P . S m i t h ^ 

(Accepted for publication September 15^ 1944) 

Lily rosette,® or yellow flat in Ogilvie’s original description,^ is the most 
destimctive virus disease of Easter lilies {Lilmm longiflorum Thunb.)* Lily 
growers cannot be too strongly warned against its introduction into produc- 
tion areas. Presumbaly of eastern Asiatic origin,® and best known from Ber- 
muda,^ rosette is reported also from England, Holland, and Java. Within 
the United States rosette is still restricted in distribution, and has been 
experimentally confirmed thus far only from one planting in southern 
Florida. 

Little information on host range of the rosette virus is available, for 
Ogilvie^ studied it in the Easter lily only. Rosette symp)toms have been 
reported in Lilhtm iatemanmae Wallace [L, daurictcm var, vemtshm 
(Kunth) Wilson f. tatemanniae (Wallace) Wilson] by Guterman® and in 
L. auratum Lindl. by K. M. Smith, ^ but neither of these writers mentions 
experimental transfers. 

In the tests reported herein the rosette virus was originally isolated from 
Florida-grown Easter lilies. Transmissions were by the melon aphid, Aphis 
gossypii Glover, the only known vector, from naturally infected plants or 
from experimentally infected Easter lily seedlings. Leaves of diseased 
Easter lily seedlings have the characteristic downward curling 3 to 5 weeks 
after exposure, frequently become yellowed, and occasionally the upper 
leaves redden. Flowers, if produced on such plants, are noticeably smaller 
than normal and fail to open fully. Stem bulbils are developed freely in the 
lower leaf axils and occasionally in the upper leaf axils of blind plants. 
Early maturity is the rule. Infected bulbs are poorly developed and often 
decay, leaving only a cluster of small bulbils for propagation. 

Virus-free seedlings of a number of species and varieties of Lilium were 
exposed to rosette hj irmBtev of Aphis gassy pii from affected Easter lilies. 
Three to 8 plants of each were inoculated, and return transfers to confirm 
susceptibility were made 2 to 11 months after exposure. Symptoms were 

i Pathologist, Division of Fruit and Vegetable Crox^s and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, and 2 Entomologist, Division of Truck Crop 
and Garden Insect Investigations, Bnrean of Entomology and Plant Quarantine, Agri- 
cultural Research Administration, United States Department of Agriculture, Beltsville, 
Maryland. 

3 British Mycological Society. List of common names of British plant diseases. 
Trans. Brit. Myeol. Soe. 14: 140-177. 1929. 

^Ogilvie, L. A transmissible virus disease of the Easter lily. Ann. Appl. Biol. 16: 
540-562. 1928. 

6 Kawamnra, T. So'Called virus diseases of lily in relation to hosts. Ann. Phytopath. 
Soe. Japan 7 : 163-172. 1938. 

6 Guterman, C. E. F, Final summary of the work on diseases of lilies for the lily dis- 
ease investigation fellowship. Yearbook New York Hort. Soc. 1930 ; 51-102. 1930. 

7 Smith, K. M. The virus diseases of glasshouse and garden plants. Sci. Hort. 4: 
126-140, 1936. 
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Pig. 1. A. Bosette in Lilimi sargentiae inoeulated April 12, photographed October 
27, 1943, showing stem bulbils produced above the point of inoculation, and curled leaves 
developed from these bulbils. B. Initial symptoms of rosette in the same plant shown in 
A, photographed 29 days after inoculation (left) in comparison with uninoculated plant 
(right). G. Bosette in L. formosamm (left) with control (right), photographed April 
29, 1944, in d-inch pots 70 days after inoculation. 

evident after about 3 weeks in the species L, Stapf (Fig. 1, 0), 

L. mrgenUae Wilson (Fig. 1, A, B), and L. imiellatum Hort. In these 
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species the disease can be diagnosed with reasonable accuracy. For brevity 
the symptoms observed in experimental plants are summarized in table 1. 
In these tests no other species showed as well-defined symptoms as the Easter 
lily. Many diseased species developed only slight dwarfing, irregular curl- 
ing, or reddening, which in the field might be confused with the effects of 
root injury or poor cultural conditions. 

There was considerable variation in symptom expression within species 
and varieties, and also in the same plant at different seasons. Therefore, all 

TABLE 1 . — Species and varieties of Zilimn experimentally inf ected with lily-rosette 
virus and confirmed 'by reUirn transfer to Easter lily 


Symptomsa 


Species or variety 

Plants 


Leaves 


Flowers 


Dwarfed 

Curled 

Yel- 

lowed 

Red- 

dened 

Dwarfed 

Laek- 

ingb 

L. dauricum Ker-Gawl 

-H- 


-H- ■ 

-H- 

-H 

4 

L. davidi Duchartre 

i. davidi yax. willmotUae Cot- 



+ 

-f- 


4 

ton & Grove 

- 

+ 

+ 

- 


4 

L. elegans Tliunb. 

■ + 


-}• 

- 

"H” 


L. formosanum Stapf 

+ 

4-H- 


, - 



L. henryi Baker 

_ 

+■ 

+ 



- , 

L. leucanthum Baker 

+ 

+ 

+ 

-t 

- 

4 

L, longifiorum Tlmnb 

L. myriophyllum var, super- 

-Ht ■ 

-hH- 

-H-f 


44 


bum (Baker) Wilson 

+ 

+ 

+ 

' ' +h 

44 

4 

L» regale Wilson 

- 


+ ^ 


- 

4 

L. sarqentiae Wilson 


-H- 

-H ■ 

+ 

44 

4 

L, speciosum Thunb 

- 

,+ 

+ 

+ 

4- 

- 

L, umhellatum Hort. 


+ - 


-H- 

4-+ 



-H*, +-H* indicate increasing intensity of the symptom* - indicates that it was not 
observed. 

b Absent from at least some of the plants in a test lot. 


symptoms scored in table 1 are not necessarily evident in a given plant at a 
given time ; and it is also possible that some effects scored as absent might 
be expressed if larger numbers of plants of these species were infected. 
Premature withering of leaves and of the upper stem were noted in Lilium 
davidi Duchartre and L. leucanthum Baker. There was no evidence of 
susceptibility of Clara Butt tulips to lily rosette in 5 tests (50 plants). 

It is clear that lily rosette is of considerable potential importance in the 
ease of various garden lilies. Moreover, many of these lilies, although worth- 
less for ornament when affected, fail to show sufficiently clear symptoms to 
permit accurate diagnosis, and could serve as unsuspected reservoirs of the 
rosette virus. 

Bureau OF Plant Industry Station, 

• Beltsville, Maryland. 


PATHOGENICITY OP ISOLATES OP RHIZOCTONIA SOLANI 
PROM POTATOES 

L, H. PEESON 

(Accepted for publication September 18, 1944) 

While studying the pathogenicity of strains of BJmoctonia Bolani on 
bunch snapbeans, there were included in one of the inoculation tests 11 
isolates from Irish potatoes. Of these, 6 were from stem lesions and 5 
from sclerotia on the tubers. None of them was pathogenic to beans. This 
suggested two questions, answers to which seem important. Seed potatoes 
coming into Louisiana frequently have on them large numbers of sclerotia 
of BMzoctoma. No losses have been observed following the planting of 
such potatoes and consequently the treatment of tubers with fungicides 
that would destroy the sclerotia has never been recommended. On the other 
hand, many Louisiana crops are severely attacked by Bhizoctonia, The 
questions for w’^hieh solutions seemed desirable were: (1) Do the sclerotia 
on potato tubei’s brought into Louisiana for seed purposes produce strains 
that attack the stems of young potato plants! (2) Do these strains attack 
other plants in Louisiana and does the planting of tubers with sclerotia 
add undesirable pathogenic strains to the soil? To answer these questions 
a rather large number of isolates obtained from sclerotia on tubers and 
from lesions on potato stems were tested on bean and potato stems in com- 
parison with isolates from other hosts. 

The isolates used included 97 cultures from sclerotia on Irish potato 
tubers from 71 cars of seed potatoes shipped into Louisiana in 1941 from 
Nebraska, North Dakota, Maine, and Colorado ; 4 cultures from sclerotia 
on tubers raised in Louisiana ; 3 cultures from Dr. Kotila who isolated them 
from sclerotia on tubers ,* 29 cultures from stem lesions on Irish potato x)lants 
in Louisiana; 2 cultures from beans; and 2 cultures from sngarbeets wdiieh 
had been found pathogenic in previous tests. 

In the inoculation tests with beans the plants were grown in sterilized 
soil, inoculated with the cultures of BMzoctonia^ and the severity of infection 
on the stems was n^ted at the end of about 20 days. For the inoculation 
tests with Irish potatoes, clean tubers were sterilized for 5 minutes in acidi- 
fied bichloride of meretny. These were planted in sterilized soil and the 
inoculum was then added. Pathogenicity was measured by the size of the 
lesions on the young stems. With beans two tests of two replications of 
20 seeds each were made with each culture, except for a few cultures that 
wei’e tested only once. In most instances the results with Irish potatoes 
represent the average of 3 tests, each with 8 or more plants. 

The results of inoculating beans are in table 1, Only 3 of the 101 cul- 
tures from sclerotia from potato tubers attacked beans and these were 
only slightly pathogenic. Of the 29 isolates obtained from lesions on potato 
stems, 9 were strongly pathogenic, causing deep lesions on the bean stems, 
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TABLE 1* — Relative pathogenicity on hems of 101 cultures from sclerotia on Irish 
potatoes and S9 cultures from lesions on potato stenw^ 


Source of cultures 

Number of cultures 

Non- 

pathogenic 

Slightly 

pathogenic 

Strongly 

X:)athogenic 

Total 

Sclerotial isolates 





Colorado 

5 



5 

Louisiana 

4 



4 

Maine 

5 



5 

Michigan 

1 



1 

Nebraska ' 

58 

■ 2 


60 

North Dakota 

25 



25 

Unknown 


1 


1 

Total 

98 

3 


101 

Stem lesion isolates 





Louisiana 

19 

1 

9 

29 


a Two isolates from bean stem lesions and 2 isolates from sugarbeets inclndecl as 
elieek cultures in these tests were strongly pathogenic to beans. 


one was slightly pathogenic, and 19 were nonpathogeiiic. The 2 bean iso- 
lates and 2 sugar-beet isolates used as check cultures were strongly patho- 
genic in the tests. The control plants were not infected. 

In table 2 are the results of the tests with young potato plants. Seven- 
teen of the 70 isolates from potatoes were not pathogenic, 35 were slightly 
pathogenic, 13 were moderately pathogenic, and 5 were strongly pathogenic. 
The 2 cultures from beans and the 2 from sugar beets used as cheeks were 
moderately pathogenic to potato plants. The control pots w^ere free of 
infection. 

Of the 3 cultures from sclerotia on tubers which had been pathogenic 
to beans, one was not pathogenic to Irish potatoes and two were only 
slightly pathogenic. 

It would seem from these studies that the sclerotia present on Irish potato 
tubers have little effect on the Rhizoetonia solani potential in the soil. On 
the other hand a number of isolates from potato stem lesions were patho- 


TABLE 2. — Relative pathogenicity of 70 cultures of Bhisoctonia isolated from 
sclerotia on Irish potato tuhers^ 


Source of 
cultures 

Number of cultures 

Non- 

pathogenie 

Slightly 

pathogenic 

Moderately 

pathogenic 

Strongly 

pathogenic 

Total 

Colorado 

1 

1 

1 


3 

Louisiana 

1 

2 



3 

Maine 


5 

1 


6 

Michigan 

1 




1 

Nebraska 

9 

15 

9 

4 

37 

North Dakota ......... 

4 

; 12 

2 

1 

19 

Unknown 

1 

! 

...... 


1 

Total 

17 

I 35 • 

13 

5 

70 


a Two isolates from bean stem lesions and 2 isolates from sugar beets included as 
check cultures in these tests were moderately pathogenic to Irish potatoes. 
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genie to beans, and it is possible that a potato crop preceding beans may 
have some effect on the perpetuation or increase of strains of the fungus 
pathogenic to beans. It is probable that the stem lesions from which these 
isolates were obtained resulted from infection with soil Bhizoctonias and 
did not come from sclerotia or mycelium on the seed tubers. 

The fact that 70 per cent of the sclerotial isolates were either non- 
pathogenic or only slightly pathogenic to Irish potatoes and only 7 per 
cent were strongly pathogenic indicates that most of the sclerotia on the 
tubers play relatively little part in increasing the damage done by 
Bhtzoctonia solam to Irish potatoes. These results agree with those of 
Sanford^ who showed that the majority of cultures from sclerotia were 
nonpathogenie or of marginal pathogenicity. This may help to explain 
the erratic results obtained by many investigators in seed treatment tests 
on potato tubers for the control of B. solani 

Department op Plant Pathology, 

Louisiana Agricultueal Experiment Station, 

Baton Rouge, Louisiana. 

I Sanford, G. B. Studies, on Khigootonia solani Kuhn. III. Eacial difFpi-pnr-Ao u, 
pathogenicity. Canad. Jour. Ees. (C) 16 : 53-64. 1938 . Racial diftuences m 


LEAP SCALD OF SUGAR CANE IN BRAZIL 

S. C. Akruda and J. E'eanco do Amabad 
(Accepted for publication September 30, 1944) 

Since March, 1943, studies have been in progress on a disease of sugar 
cane which has been present for several years at the Estaeao Experimental 
de Cana de Agucar and on neighboring sugar-cane properties in Piracicaba, 
State of Sao Paulo, Brazil. The disease causes an intense chlorosis of the 
top leaves of the affected plants and has therefore been referred to as sugar- 
cane albinism. Preliminary investigations showed that the disease was 
transmitted from the seed pieces and that every bud of a diseased stalk 
invariably gave rise to a diseased plant. 

Field and greenhouse observations of affected plants have led us to con- 
clude that the albino condition of the top leaves is only a final stage in the 
development of the disease, and that in the primary stage there are less 
conspicuous chlorotic streaks with sharply-defined borders, 1-2 mm. wide, 
which run from the tip to the base of the leaf and continue down on the leaf 
sheath. Later, as the streaks broaden from the tip downward, there is a 
progessive withering of the tissues in the same direction, giving a final 
scalded appearance to the leaves. The severely affected stalks very com- 
monly produce lateral shoots and on these the developing leaves very quickly 
show the typical chlorotic streaks. In the more advanced stages of the dis- 
ease, especially on the more susceptible varieties, the top leaves on the 
affected stalks become completely chlorotic. When a diseased stalk that is 
approaching maturity is split and examined, a light red discoloration of the 
fibro vascular bundles, mainly in the nodal regions, is frequently observed. 
This discoloration seems to be more pronounced in susceptible varieties such 
as C.P. 29/320. 

A comparison of the symptoms with descriptions of other sugar-cane 
diseases not known to occur in Brazil has shown that the Brazilian disease 
agrees very closely with what is found in the literature for the chronic, phase 
of leaf scald, a bacterial disease caused hy Badermm. albilineans Ashby. 
The identity of the disease has been confirmed by microscopic examinations 
and by cultures. Leaf scald is distributed in the Eastern Hemisphere and 
Hawaii, but up to this time has not been reported on the mainland of the 
Western Hemisphere. 

Microscopical examinations have shown that the bacteria are present 
in the xylem elements of the fibrovascular bundles in the affected stalks as 
well as in the leaf streaks. Pure cultures have been obtained by first making 
tissue plantings in a 25 per cent sugar-cane juice and peptone medium in 
tubes and then making dilution plates after about 8 days from those tubes 
that became slightly turbid. An incubation temperature of 25® G. was used. 

The cultural behavior and the physiological and morphological charac- 
ters of the Brazilian organism agree closely with those of Phytomonas allU 
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Inoculation 
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after 2 
months 

Infection 

— ^ — 



Inoc. 

1 Check 

1 Inoe. 

Check 


27 

48 

49 

55 

77 

C.P. 29/820 
P.O.J. 2878 
C.P. 29/320 
Co. 281 

Co. 290 

Apr. 20, 1944 
Aug. 5, 1943 
do 
do 

Oct. 29, 1943 

No, 

31 

21 

14 

14 

10 

I No, 

15 

9 

1 5 ■ 

6 

5 

Pi^To. 

16 

2 

6 

10 

10 

No, 

0 

0 

0 

0 

0 
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51.6 

9.5 

42.8 

71.4 

100.0 
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of the leaves and the other portions of the plants appeared much paler than 
the control plants. Some of the plants wilted and died, appearing to have 
the acute stage of the disease. Most of the plants, however, had the general 
appearance of recovering to a certain extent with the disease perhaps in a 
dormant condition for a period of 1 or 2 months. After that period, the 
typical chlorotic streaks, characteristic of the disease, were observed. The 
inoculations with culture 27 were made during cool weather and the shoots 
took a longer time to come up. Several of these appeared above the ground 
in a completely chlorotic condition, though most of them did not become 
completely chlorotic for about 5 months. 

The bacterium was reisolated from Co. 290 plants inoculated with culture 
55 and infection was obtained when one of the isolates (culture 77) wms 
inoculated on C.P. 29/291. (See table 1.) 

As the symptoms of the Brazilian disease agree with those described for 
leaf scald and as the morphological, physiological, and cultural characters 
of the causal organism agree with those of Phytomonas alhilineans Ashby, 
it is believed that the evidence is sufficient to consider that the Brazilian 
disease is identical with the leaf scald of the Eastern Hemisphere. 

Instituto Bioloqico, 

Sao Paulo, Brazil. 


PHYTOPATHOLOGICAL NOTES 


PhytopMhora Wilt and Stem Canker of Cinchona. — Seedling blights of 
cinehonaj caused by Phytophthora spp., have plagued growers in many parts 
of the eastern hemisphere. Observations by growers indicate that similar 
diseases will be of economic importance in the establishment of a cinchona 
bark industry in the American tropics. 

Celinod in 1934, reported thsit Phytophthora faieri Maubl. (synonymous 
with P, palmivora Butl.^) was causing a severe blight of seedlings of 
Cinchona calisaya var. ledgeriana Howard, C. hylrida Hort., and C. sued- 
rnhra Pavon in the Philippines. Celiiio considered the disease an important 
factor in the growing of cinchona. In 1935 Kheswalla^ reported a similar 
serious disease, caused by P. palmivora, on seedling C. ledgeriana Moens in 
India. Sawada,^ in 1936, reported a disease in Formosa on cinchona seed- 
lings with symptoms differing slightly from those reported from the Philip- 
pines and India. As described by him, the infection apparently oecui^red 
on the stem with the Phytophthora subsequently spreading upward to the 
tip of the plant. In India and the Philippines the infection court was 
apparently the tip of the plant. The Formosan Phytophthora was consid- 
ered a new species and was described as P. cinchonae Saw. Seedling blights 
of cinchona caused by Phytophthora heLve not been reported from Java, 

• although Hartley® reported P. faheri (P. palmivora) on other hosts. Hart- 
ley stated orally that the forms of P. palmivora he studied from several hosts 
in Java differed from most of the isolates of P. palmivora that he had ob- 
served from other parts of the world. One outstanding difference was the 
sparse sporulation of the Java forms. They nevertheless caused similar 
disease symptoms and probably were referable to P. palmivora. 

As reported in the literature, the Phytophthora diseases mentioned above 
apparently affect seedlings only. However, a disease or diseases with similar 
symptoms were observed by the authors in Central and South America on 
seedlings, grafted stock, and mature and seiiii-matime plantation trees. A 
similar disease was also observed in Puerto Eico on seedlings only. The 
infection court seems to be the petiole region of the tender new leaves or the 
succulent stem tissue. In the early stages on the leaves the fungus causes 
brown, necrotic spots with indefinite margins. From initial infections at 
the base of one or more leaf blades the fungus may grow through the entire 
length of the petiole and enter the stem. On seedlings the entire tree is killed 
as the pathogen spreads downward through the cambial region of the stem. 

’ cindiona seedlings. Philippine Agr. 23: 111-127. 1934. 

Stat. Res? Bull the genus Phiitophthora de Bary. Mo. Agr. Exp. 

Wight of Cinchona ledgeriana Moens caused hv Phv- 
llPfhora pdlmwora Butl. in the Darjeeling district. Indian Jour. Agr. sl 6 : 485^1. 

< Saw^a, K. [Phytophthora blight of cinchona seedlings occurring in Eormosa 

n. sp.] Eormosan Agr. Kev. 32: sle-SdC. IQSe! 
Landbouw/4SiaS”llul^^^^^^ ^Wntenziekten, Dept, van 

.138 ■ ■ ' . 
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On older grafted stock and seedling plantation trees tlie symptoms of infec- 
tion are elongated, slightly snnken cankers and dieback of the more snecn- 
lent branches. In some cases on older trees the terminal portion of every 
branch is killed, leaving the tree with clusters of brownish-black dead leaves. 

This disease was observed in Guatemala at several locations on seedling 
Cinchona pubescens Vahl (called C. succiriibra locally), G, officinalis L., and 
the Ledger form of C, officinalis. It was also noted on the Ledger form 
grafted on C. puhescens in nursery and plantations and on G. officinalis and 
C. piibescens in plantations. The disease was observed in Puerto Eico on 
nursery stock of the Ledger form of C. officinaUs. Stem cankers on both 
C. p^tbesoens and C. pitayensis Wedd. and branch dieback on C. pubescens 


Fig. 1. A. Dieback of braneli tip of Cinchona puhescens in Colombia. B. Tip die- 
back and mfection of adjacent leaves induced by inoeulation on the Ledger Variety of C. 
officinalis. 


were observed in Colorabia on cinchona trees growing wild in forest stands 
(Pig.l,A). 

In Peru, seedlings of the Ledger form of (7. officinalis and some cinchona 
hybrids as well as plantation stock of the Ledger form were diseased with 
symptoms similar to those observed in Guatemala, Colombia, and Puerto 
Eico. From paid of the Peruvian seedling material a Phytophthora, tenta- 
tively identified as P. parasitica Last., was isolated from leaf blade, petiole, 
and stem material. This is apparently the first recorded occurrence of this 
species on cinchona as well as the first reported Phytophthora blight of 
cinchona in the western hemisphere. Two isolates available for study were 
characterized by optimum growth temperatures of 25° C. hut were able to 
grow at temperatures as high as 37.5° C. Eight-day-old cultures on corn- 
meal agar produced prominently papillate sporangia, averaging 30 x 24 |j, on 
branching sporangiophores 2 days after the plates were flooded with water. 
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The pathogenicity of one of the 2 isolates has been demonstrated by inocu- 
lation on 18-ineh potted plants of the Ledger form of 0. officinalis grown 
from seed of Philippine origin. Six days after inoculation, 3 of 4 stem 
inoculations with mycelium introduced into a small cut to the cambium had 
produced girdling cankers, while 2 check incisions in which sterile agar was 
introduced remained healthy. Four bud tips inoculated without wounding 
by placing mycelium in agar blocks in contact with them became infected, 
and dieback was produced (Fig. 1, B) j 2 check treatments remained healthy. 
Twelve mature, unwounded leaves were inoculated by placing mycelium 
growing in agar blocks in contact with the upper surface. Five infections 
resulted with symptoms typical of leaf infection as it occurred in the field. 
Infections did not spread through, the petiole to the stem, however, because 
the leaves dropped before this occurred. Six leaves on which sterile agar 
was placed remained uninfected. The fungus was recovered from one of the 
5 leaf infections, 2 of the 4 tip infections, and at a distance of I inch or more 
from the point of inoculation from all 4 of the stem cankers. One of the 4 
stem inoculations did not result in a girdling canker. The tree, however, 
suddenly wilted and lost its leaves 11 days after inoculation. The canker 
had not girdled the stem, although the Phytophihora was still alive and was 
recovered from the margin of the infection. Dissection and culturing of the 
entire tree demonstrated that the cortical tissue from root to tip was infected. 
At the time of culturing only slight discoloration gave indication of this 
infectiom 

Some control apparently was obtained in Peru by eradicating wilted 
seedlings from the beds. In Guatemala, control also was secured and con- 
siderable material salvaged by cutting back the tops of infected grafted stock 
to well below the dead tip. The cortical infection that resulted in the single 
inoculated tree might give indication that cutting back, unless done very 
early and severely, may not give control. Experience with P, parasUica in 
the United States would seem to indicate that control could be obtained by 
regular application of a copper spray containing a good sticker. Wherever 
the disease was observed, considerable evidence of host resistance of indi- 
viduals and of certain clonal lines was apparent. It appears likely that the 
selection of resistant clones of high alkaloid content will be possible. — Bowen 
S. Crandall, Associate Pathologist, and William C. Davis, Pathologist, 
Division of Latin American Agriculture, Office of Foreign Agricultural 
Relations, in cooperation with Division of Forest Pathology, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agriculturar Research 
Administration, United States Department of Agriculture. 

Grater Bot and Blotch of Gelery, a N ew Aspect of Soft Eot Caused hy 
Erwinia earoiovora.—Erwinia carotovora has been found to produce con- 
spicuous and destructive symptoms other than heart rot which result in large 
losses in commercial celery fields in the Delta region in California. Small 
spots, at first watery, then straw-colored to brownish, appear near the base of 
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the petioles (Fig. 1? B), and later become sunken, dark-brown, with sharply 
defined edges (Pig. 1, D). In some eases only superficial lesions are induced 
(Fig. 1, C), resulting in a blotchy appearance, in contradistinction to the 
deeper, soft watery rot. Later, the affected tissues dry out and collapse 
resulting in concave, crater-like depressions. 


Fig. 1. A. Crater rot and blotch of celery caused by 'Erwinia carotovora on Golden 
Self Bleaching celery grown in peat soil^ before ridging. B. Crater rot on ventral side of 
a petiole. Golden Self Bleaching variety. Plants were ridged and heavily irrigated. 
C. Blotch disease of celery (F. carotovora) on dorsal side of a petiole of Golden Self 
Bleaching celery, from plants that were not ridged. D. Dorsal side of a petiole of Golden 
Self Bleaching celery showing, crater rot. Collapse of the tissues caused deeply sunken 
depressions with sharp edges. Celery was grown in peat soil and heavily irrigated. 

In some years losses from crater rot and blotch are severe, since badly 
diseased plants cannot be shipped and stripping off of the outer larger peti- 
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oles is necessary. Tlie practice of leaving diseased stalks in the field results 
in heavy inf estation of the soil with the crater-rot bacteria and may account 
for the increase of the disease when celery is repeatedly grown in the same 
field. — ^P. A. Ark, University of California, Berkeley 4, California. 

SusceptiUltiy io Black Boot Rot of Apple Trees Eaving Various Root 
and Top Combinations. — In continuation of previously reported work on the 
susceptibility of own-rooted trees to black root roP another experiment is 
here reported where trees having various root and top combinations were 
tested for their suseei:)tibility to the black-root-rot fungus mali 

Promme). 

TABLE 1. — Percentages^ of roofs of various arple varieties infected 'by Xylaria 
mali, averages for four seasons 




Trees infected 


Boot variety 

Cortex 

infection 

only 

Deep 

infection 

Total 

infection 

Av. size of 
lesion 


Per cent 

Per cent 

Per cent 

mm. 

Arkansas 

12.5 

83.3 

95.8 

29.6 

Ben Davis 

41.7 

56.2 

97.9 

28.6 

Delicious 

11.4 

74.4 

85.8 

32.3 

Ballawater 

17.1 

72.0 

89.1 

32.4 

McIntosh 

9.2 

84.4 

93.6 

36.6 

Kero 

30.1 

61.6 

91.7 

25.7 

Korthern Spy 

11.6 

74.2 

85.8 

32.4 

Opalescent 

9.9 

73.8 

82.7 

25.9 

Perkins 

16.6 

66,7 

83.3 

35.7 

Bed Astrachan 

12.5 

75.0 

87.5 

22.0 

Borne Beauty 

15,9 

67.2 

83.1 

24.4 

Smith Older 

16.5 

70.5 

87.0 

i 30.1 

Starking 

22.5 

77.5 

100.0 

34.7 

Stayman Winesap 

25.3 

66.4 

91.7 

29.7 

Summer Rambo 

26.4 

67.4 

93.8 

27.0 

Wealthy 

36.4 

58.2 

94.6 

28.1 

Williams 

32.7 

55.3 

88.0 

26.8 

Winesap 

25.0 

68.7 

93.7 

I 32.3 

Winter Banana 

12.5 

75.0 

87.5 

1 19.7 

Yellow Transparent ............ 

17.4 

69.3 

86.7 

25.2 

York Imperial 

22.6 

63.6 

86.2 

" 

26.1 


a All figures represent averages for 1938 througli 1941. 


In 1937 apple trees 2 years from the graft were set 18 inches apart in 
rows 4 feet wide. Inoculation was begun in 1937 and continued each year 
for 4 years. 

The trees were either own-rooted or consisted of A^arieties worked on an 
own-rooted tree, so that top and root were of known varieties. A separate 
record of the percentage of infection and size of lesion was made for each 
root and top combination. Since there were no outstanding differences in 
susceptibility because of top influence, the various root and top combinations 
were grouped according to root variety, of which there were 21, as given in 
^ 1 Cooley, J . S. razors afCeeting distrabution and severity of black root rot of apple 
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table 1. In the case of McIntosh Yariety, for instance, a combination was 
made of infection results with Red Rome on McIntosh, Starking on McIntosh, 
and own-rooted McIntosh. The combined number of trees in each plot was 
from 5 to 28, usually about 15. The infection percentages and size of lesions 
were averaged for 1938, 1939, 1940, and 1941. A high per eentag'e of deep 
infections will be noted, representing an average of four years’ inoculation 
results. Since the data show a high percentage of positive results, they shoul d 
have some weight even if they are not based on a large number of indi- 
viduals. There were some differences in susceptibility (Table 1) as in other 
experiments on own-rooted varieties previously reported,^ but unf ortoiately 
there was no outstanding resistance in any of the 21 varieties of roots 
tested. — J. S. Cooley, Senior Pathologist, Division of Fruits and Vegetable 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engi- 
neering, Agricultural Research Administration, XT. S. Department of Agri- 
culture, Beltsville, Maryland. 

Breeding Oats to Oomhine Besistance to Race 45 and Other Races of 
Grown Bust Common in Arkansas. — The current, 1944, season marks the 
first year in which race 45 of crown rust, Puccinia coronataj has been found 
in such abundance on oats as to constitute a distinct hazard to future oat 
crops ill Arkansas in addition to reducing yields considerably during the 
current season. 

Since 1937, when race 45 was first detected in this State and when Moore, 
Downie, and Murphy^ described it, this race has been of minor importance 
until 1944. It has usually appeared late and seldom in greater abundance 
than 5 to 10 per cent of leaf area on Bond and its hybrids. Race 45 has been 
identified by inoculation of the differential hosts used by Murphy. In 1944 
it appeared on spring-planted Bond shortly after the boot stage and before 
anthesis. By the time of the early milk stage fully 30 per cent of the leaf 
area iras infected, and probably more damage was caused than the percent- 
age figure indicates. At that stage most culms had only two green leaves 
left, the lower leaves having died earlier, apparently as a result of Hel- 
minthosporium attacks combined with adverse growing conditions. 

On winter oats the effect of race 45 was not nearly so severe because it 
did not appear in abundance Until most of the oats had reached the dough 
stage. However, its influence on most varieties of winter oats grown at the 
University Farm, Fayetteville, was not insignificant since the rust was pres- 
ent on Bond hybrids in considerable amounts prior to the maturity of the 
grain. 

■Without much doubt, race 45 was also present on most other varieties 
which possessed no Bond parentage. In general, Victoria hybrids showed 
about the same reaction to this race as Victoria does to race 1, with perhaps 
a greater tendency to produce large pustules, although these were still ac- 
companied by some chlorosis and necrosis. The word ''perhaps” is used 

1 Moore, M. B., A. B. Downie, and H. 0. Murphy. A new race of crown rust that 
attacks Bond oats. (Ahstr.) Phytopath. 28*. 16-17. 1938. 
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because other race or races were present in abundance, judging by the 
amount of rust on varieties that are susceptible to one or more races other 
than race 45. For example, on June 8, Markton was fully 90 per cent 
infected when Bond averaged about 30 per cent. 

Shortly after race 45 was first found in the State^ a search was begun for 
varieties that would be resistant to this race as well as to the races previously 
found here. One variety, Mutica Ukraina, showed a type of resistance 
approaching immunity to race 45. Dr. H, C. Murphy*^ had previously called 
attention to the high crown rust resistance of this variety, including resis- 
tance to races 33 and 34 (published as 34 and 35), Since then, it has been 
moderately susceptible to a strain of race 1. This strain produces compara- 
tively few infections on this variety and these are characterized mostly by 
small pustules under- natural as well as artificial conditions of infection. 

While Mutica Ukraina has little agronomic value, as Dr. Murphy has 
shown, its potential value for breeding was recognized and it was used exten- 
tively by the writer as one of the parents in hybridization w’-ork in 1938 and 
later. 

Out of this crossing there is now available one hj^brid with a high degree 
of resistance not only to race 45 but to races 1, 7, and several others not so 
common as these two in Arkansas. It is the only one in a varietal test 
including 23 varieties and selections which was not severely rusted in 1944. 

Parentage of the hybrid is Mutica Ulcraina by E3-II. E3-II was derived 
from a cross made by the writer and L. M. Weetman in the winter of 1936-*37, 
Coker 32-1 x (Victoria xEichland C.I. 3313). The hybrid thus has two 
different sources of crown rust resistance, Victoria and Mutica XJkraina, and 
two different sources of smut resistance, Coker 32-1 and Victoria. At pres- 
ent it is known only by its breeding number 674 (2)-39f. Its agronomic 
characters, which are seemingly quite promising for a spring oat, will be 
described elsewhere. — H. E. Eosen, Agricultural Experiment Station, Uni- 
versity of Arkansas, Fayetteville, Arkansas. 

A Fenicillnm Disease of Soyleans.-^-'Dmmg the winter of 1943-1944, 
numerous lots pf soybeans being tested for percentage of germination by the 
Ohio Seed Improvement Association were examined for the presence of dis- 
eases. On many of the plants two types of lesions were common. One type 
of lesion, found on both cotyledons and hypocotyls, consisted of a sunken, 
irregular dark brown spot. Another type of lesion was a soft, water-soaked, 
slightly dark spot on the hypocotyl of germinating seedlings. Similar 
lesions on the cotyledons of germinating seedlings were unusually large, fre- 
quently involving an entire cotyledon which would be a soft light gray mass 
of decayed tissue, 

A species of was isolated rather consistently from both types 

of lesions. Cultures of the fungus on both broth and agar were used to 
inoculate several varieties of soybeans. The results were very striking. 

2 Murphy, H. 0. Making new strains of oats resistant to crown rust by selection 
and hybridkation. Iowa Agr. Bxpt. Bta. Ann. Kept. 1'935-1936: 98-100. 1936. 
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InocTilated seeds germinated much more slowly than the cheeks. Those 
inoculated seedlings which emerged were stunted and the leaves were dis- 
torted, being about half the size of normal leaves (Pig. 1) . Some stunted 



Fig. 1. Symptoms produced by PenioUUum sp. on soybeans. Bows 1 and elieeks. 
Bows Z, 5, and 6, inoeulated. Photograph by F. H. Norris. 

plants developed lateral buds wbich resulted in a fasciation effect. The base 
of the hj^^pocotyl and the cotyledonary leaves of the infected plants had 
numerous lesions similar to those observed previously on plants in the gerini- 
nator. On cheek plants these lesions were almost entirely absent. When 
cultured, the fungus was readily recovered. 

Varieties of soybeans were given a preliminary test of relative suscepti- 
bility. Percentages of emergence were as follows : 


Variety 

Inoculated 

Cheeks 

Chief 

60 

100 

Dunfield 

8 

76 

Earlyana 

36 

92 

Lincoln 

68 

96 

Manchu 

64 

96 

Mingo 

12 

96 

Bieliland 

56 

96 

Scioto 

28 

92 


The species of Penicillmm has not been identified. Studies are under 
way to determine the percentage of infection this fungus causes under field 
conditions. — ^M. R. Habbis, U. S. Department of Agriculture, Emergency 
Plant Disease Prevention Survey and C. W. Ellett, Botany Department, 
The Ohio State University. 

Verticillium Wilt and Die-hach of Vi^urmm^ — disease manifested by 
an unthrifty condition, die-back, and frequently death of Viburnum shrubs 
was first observed at Lafayette, Indiana, in 1940. Yerticillmm albo-atrum 
Eienke and Berth, was isolated from the diseased shrubs, and the capacity 
of isolates from chrysanthemum, peppermint (Mentha piperita L. var, vul- 
garis Sole), m-WTihurnum lantana L. to produce this disease was studied. 

iJommal Paper Number 174, of the Purdue tTniversity Agricultural Experiment 
Station. Contribution from the Department of Botany and Plant Pathology. 
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The new growth of. inf ectecl canes is stunted, the leaves flag, become light 
green, and then brown when the branches and canes die. Infected canes 
■usually die during the growing season and the brown leaves remain attached 
until late in the winter. Often only one or a few canes of a shrub may have 
the symptoms. Sometimes only the branches on one side of a cane are 
affected. Infected shrubs may succumb in one or two years, or may live in 
an unthrifty condition for several years. Brown sectors or continuous bands 
of discolored wood occur and frequently extend from the base to the tip of 
the infected canes. Only those branches that are contiguous with discolored 
xylem of a unilaterally infected cane die or display symptoms of the disease. 
Finally such canes become completely infected and die. 

The causal fungus was isolated readily from discolored wood, but not 
from apparently healthy tissue taken from the distal end of canes. 

Yerticillium albo-atrum, the causal fungus, was isolated consistently in 
apparently pure enltnre from the discolored wood of naturally infected 
lantana and Y, iomentosim Thunb. The fungus grew well on 
potato-dextrose agar and appeared to be typical of F, alho-atrum. Many of 
the cultures produced variants (saltants), as described for Ye^-ticillium by 
Presley,^ Kndolph,^^ Thompkins and Ark, ^ and Tilford and Runnels.^'' Cul- 
tures isolated from Vihurmim spp. appeared to be similar to those from 
chrysanthemum and peppermint in color and in production of pseudo- 
selerotia and variant sectors. All cultures formed variants that differed 
greatly in color, production of pseudo-sclerotia, and eonidial sporulation. 

Presley^ and Endolph^ showed that the production of pseudo-sclerotia by 
cultures of Y. alho-atnm was extremely variable and that F. dahlme Kleb. in 
this and other respects did not differ from V. albo-atrum. Tilford and Run- 
nels® although they recognized that the cultures of YerticUUum that they iso- 
lated from chrysanthemum were unstable, referred them to V, dahliae, since 
the initial cultures on synthetic medium produced abundant pseudo-sclerotia. 
The writer concurs with Rudolph^ in considering the production of psendo- 
selerotia an undependable specific character and prefers to refer this species 
attaoking Vihitrmim to Ye7dicillium alho-atn^ 

Shrubs of YiUirmm lantana about 24 inches high were planted about the 
middle of March, 1941, in 12-quart metal pails that had been lined with a 
coating of tar. Five weeks after planting, four shrubs were inoculated with 
an isolate from Y. lantana, two with an isolate from chrysanthemum, and 
two with an isolate from peppermint. The inocnlations were made by 
placing one half -pint of a 3-week-old culture of the fungus growing on a 
mixture of equal parts of corn meal and sand in the soil close to the roots. 
Four shrubs were treated similarly with sterile medium. The shrubs were 

2 Presley, Jolin T. Saltants from a monosporic enltnre of Verticilliim alho-atnm. 
Phytopath. 31; 1135-1139. 1941. 

3 Ppdolpli, B. A,_ Hilgardia 5: 197-353. 1931. 

'VertieilUnm wilt of strawflower. Phytopath. 


^ Thompkins, C. M. and P. A. Ark. 

31: 1130-1134. 1941. 

5, Tilford, Paul E. and Harmon A. Bunnels. 
and its control. Ohio Agrie. Exp. Stat. Bull. 630. 


Verticilliura wilt of chrysanthemums 
1942, 
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groma in a greenlioiise during the spring of 1941, then were placed outdoors 
during the summer and returned to the greenhouse in October. In May, 
1942, the surviving shrubs were placed outdoors and remained there until 
the next year. The buckets, when outdoors, w^ere buried in the ground to 
within two inches of the top, and were kept well watered. 

One plant that had been inoculated with the isolate from V. lantana 
showed symptoms of ' ' Verticillium hydromycosis'' 8 months and the remain- 
ing three plants 13 months after inoculation. The two shrubs that were 
inoculated with the isolate from chrysanthemum developed typical symp- 
toms 6 and 9 months after inoculation. One of the shrubs inoculated with 
the isolate from peppermint developed typical symptoms of ‘‘Verticillium 
hydroniycosis" 25 months after inoculation and died 4 months later. The 
other shrub inoculated with this isolate died from an undetermined cause a 
few’^ months after inoculation. The four control shrubs remained healthy 
during the test. The fungus was reisolated from all of the infected shrubs 
and appeared to be similar to the original cultures. 

The results of inoculating ViJnmmm Imitam with the three isolates of 
Yerticillium all)o-atriim indicated that possibty the isolate from peppermint 
■was less pathogenic than the isolates from chrysanthemum and V. lantana. 
The three isolates were tested on chrysanthemum, variety Amoskeag; egg- 
plant, variety N. H. Hybrid; pepper, variety California Wonder; and 
pimiento, vaidety Sweet Meat Glory, to determine if they differ in pathoge- 
nicity to these hosts. Four-week-old cultures of the isolates growing on a 
mixture of equal parts of corn meal and sand were incorporated in flats-of- 
soil that had been steam-sterilized. Eight eggplant, pepper, and pimiento 
plants, about one month old and between 2i and 34 inches high, and 8 small 
chrysanthemum plants were planted in the infested soil in April and allowed 
to grow imtilJuly. A like number of the plants also were planted for I ^con- 
trols" in soil in which similar, but sterile, medium was incorporated. 

The eggplants in the soil infested with the isolates from chrysanthemum 
and Yibxvrnum lantana Yveve stunted and approximately half of the plants 
were partially defoliated and the remainder defoliated, except for the termi- 
nal leaves, 6 weeks after transplanting. The eggplants in the soil that was 
infested with the isolate from peppermint showed symptoms of ‘Werti- 
eillium hydromycosis" hut were not stunted nor defoliated as severely as 
with the other two isolates. Cultures of Yerticittkim alb o-atmm were 
reisolated from a number of the infected eggplants appeared to be similar 
to the original isolates. The inoculated chrysanthemum, pepper, and pi- 
miento plants remained uninfected. Control plants of the eggplant were 
not infected. 

The results, although not conclusive, are suggestive of variation in patho- 
genicity in the cultures of F. albo-atrum studied. This is similar to the 
results of Tilford and Eunnels who reported ‘ 'forms " of Yerticillmm differ- 
ing in pathogenicity on chrysanthemum.^ — C. Baines, California Depart- 
ment of Agriculture, Sacramento, California. 



NOEL FINLEY THOMPSON 
. 1891-1944 

J A M E S G * D 1 G K S 0 N . 

Noel Finley Thompson, Associate Plant Pathologist, ■Wisconsin Depart- 
ment of Agriculture, died April 27, 1944. He had known for years that 
leukemia would terminate his work yet in his eharacteristic tranquil and 
confident manner he gave full service to the State and prepared for the final 
day. Natural teacher, inquisitive investigator, and honest administrator, 
he elevated regulatory work to cooperation in insect and disease control. 
His passing is a pronounced loss to phytopathology, the State of Wisconsin, 
and his wide circle of associates and friends. 

Mr. Thompson was born at Oakland, Calif oriAa. The family later moved 
to Yakima, Washington, where he completed high school in 1910. He at- 
tended Whitworth College three years, transferred to the University of 
Washington, and completed the requirements for the B.S. degree in 1915. 
He held a teaching fellowship in botany at the University and the Puget 
Sound Biological Station in 1916 and 1917 and completed the requirements 
for the M. S. degree in Botany in 1916. He served six months in the armed 
forces in 1918. Upon release he was appointed Assistant Pathologist in the 
Office of Cereal Investigations, United States Department of Agriculture, on 
wheat smut eradication in the Pacific Coast area. In 1919 he accepted a 
summer appointment as instructor and Acting Head of the Botany Depart- 
ment at his Alma Mater and served as Assistant Professor of Botany at the 
University of Idaho the following year. He entered the graduate school, 
University of Wisconsin, in the antumn of 1920 and simultaneously assumed 
the responsibility for the barberry eradication program in the State. His 
eharacteristic devotion to his job soon resulted in a full-time appointment in 
barberry eradication, first in the Bureau of Plant Industry and later in the 
Bureau of Economic Entomology and Plant Quarantine, United States De- 
partment of Agriculture. In 1927 he joined the staff of the Wisconsin State 
Department of Agriculture and in this capacity served well the nurserymen, 
florists, cranberry growers, and other plant culturists until the time of his 
death. 

On December 23, 1922, he married Grace Vivian Bittermaii of Madison, 
Wisconsin. His wife and three children, Noel James, in the armed forces, 
Ellen Grace, and Elizabeth Anne, survive. Mr. Thompson was a member of 
the American Phytopathological Society, the Wisconsin State Horticultural 
Society, the Wisconsin State Gladiolus Society, the Wisconsin Academy of 
Science, SigAa Xi, Gamma Alpha, and Phi Sigma. 

PUBLICATIONS 

Kill tne common barberry with chemicals. U. S. Dept. Agr. Gixc. 268. 1923. 
lighting black stem rust of grains by eradicating the barberry. (With J. G*. Dickson.) 

Wis. State Dept. Agr. Bnl. 55. 1923. (Wis. Agi% Exp, Sta. Bui. 357.) 
Chemical eradication of the common barberry. U. S. Dept. Agr. Oirc. 332. 1924. 
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Dickson, Noel Fmiir Thoneson 

Some effeets of sodium ai’senite Tvhen used tn vui 
, tr. S. Dept. Agr. Deut bS Tpi « * fall common barberry. 

“bSS “iS" •"""’=■' t™ *'i, 

».«.» p„p.K„ „M.. i„ 


(With E. E. Schulz.) 
). (WithW.W.Eob- 
Wis.' State Dept Agr. 



USTILAGO STEIAEFOEMIS. III. A FUETHEE STUDY OF 
FACTOES THAT INFLUENCE AFTEE-EIPENING OF 
CHLAMYDOSPOEES FEOM POA PEATENSIS^ 


(Accepted for publication September 18, 1944) 


INTEODUCTION 


In an earlier paper (15) on ehlamydospores of Vstilago striaefornvis 
(West.) Niessl in smutted leaves of Poa pratensis L., it was shown that treat- 
ment in a moist chamber at 32° to 35° C. reduced the after-ripening period 
of the spores from 197 days to less than 30. 

Although races of tlsUlago striaeforniis with germinable ehlamydospores 
have been found (2, 6, 14), in the vast majority of collections tested, only 
a negligible percentage of the spores germinated. Davis (3) succeeded in 
germinating spores of the smut only after they were exposed to a prolonged 
after-ripening period. Similar after-ripening periods of varying duration 
have been described for ehlamydospores of other smuts. Since Noble (19) 
reviewed much of the literature on factors influencing germination of smut 
spores, only the more recent work will be discussed. 


REVIEW OP LITERATURE 


^ Many workers have found that freshly gathered spores of some smuts 
fail to germinate as readily as spores kept for varying periods at laboratory 
temperature (13, 17, 24). Holton (10), working with a race of Tilletia 
tritm, ta.iled by several different treatments to induce germination of the 
typical, dark ehlamydospores, while hyaline spores among the dark chlamy- 
dospores were capable of immediate germination. In contrast. Rump (23) 
found that dark ehlamydospores of Ustilago hordei germinated readily ivliile 
light brown or hyaline sjiores failed to germinate. 

Several investigators have studied the stimulatory effect of light, gases, 
chemicals, presence of plant tissues, and temperature on germination of 
ehlamydospores of different smuts. Light stimulated germination of spores 
of Ttlleha inUci (9, 22), but if the spores were suspended in a medium that 
contained certain nitrogenous salts, light was not necessary. Ling (16) 

found that spores of Urocystis occulta germinated better in darkness or 
diffuse light. 

The presence of oxygen was necessary for germination of spores of 
UsMagoavenae (12), U. zeae (21) mdU. hordei (25). Concentrations of 
carbon dioxide up to 15 per cent also had a stimulatory effect (20). Davis 
(3) found that spores ot U. striaeformis exposed to fumes of chloroform and 

Onl Research.,, Administration, TJ. S. BepartmeU of Agrieulture State 
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then submerged in a citric acid solution germinated earlier than untreated 
spores. A similar response was secured when spores of several smuts were 
exposed to ether vapors (5). 

Chemical agents such as salts of light metals in weak concentrations and 
nitrogenous salts stimulated germination of chlamydospoxes of Tilletia tritici 
(9, 22). Spores of Urocystis tritici (19) and V. occitUa (16, 26) germinated 
readily after treatment in a weak solution of henzaldehyde. 

Crushed or uninjured plant tissues of different kinds as well as germi- 
nating seeds have a stimulatory effect on germination of chlamydospores of 
Urocystis tritici (8, 18, 19), Ustilago aveme (4), and U: zeae (20). 

Spores of several species of Urocystis induced to germinate after 
soaking in \vater at low temperatures for varying periods (7, 11). Kreitlow 
(15) ’‘Shortened by several months the after-ripening period of spores of 
Ustilago striaeformis from Toa pratensis by incubating detached smutted 
leaves at 35® C. in a moist chamber. Since effective study of U. striaeformis 
is dependent on securing an abundant supply of germinable chlamydospores, 
further efforts were made to determine the nature of the response of chlamy- 
dospores to the incubation treatment. 

MATERIALS AND METHODS 

Chlamydospores Avere collected from two smutted clones of Poa pratensis 
propagated from single tillers and maintained in a greenhouse. The com- 
posite sample used in some of the tests wms composed of the pooled smutted 
leaves of five different clones of Kentucky bluegrass. The chlamydospores 
Avere obtained by scraping spores from mature sori with a flattened needle 
or by macerating smutted leaves in water in a *Waring Blender (1) . 

Germination of chlamydospores was tested in quadruplicate by suspend- 
ing spores in drops of distilled water on microscope slides (14). Each slide 
Avas placed in a Petri-dish moist chamber and the chlamydospores Avere incu- 
bated 16-*20 hours at 25® G. 

Methods for testing the factors considered likely to hasten after-ripening 
of spores are discussed under each heading. The factors studied were ; Con- 
taminating organisms, host tissue, abrasion or scarification of chlamydo- 
spoi*es, temperatee, and moisture. 

EXPERIMENTAL RESULTS 

Influence of Contaminating Organisms on the After-ripening of Smut 
Chlamydospores, — ^Presh, smutted leaves of Poa pratensis Avere cut into 
lengths of approximately one inch. The leaves were rinsed in a 1 : 500 solu- 
tion of mercury bichloride in 50 per cent ethyl alcohol for 15 seconds and 
then thoroughly washed in several changes of sterile Avater. Following this 
treatment, the leaves Avere placed in sterilized moist chambers and incubated 
at 35® C. At periodic interAmls, pieces of leaves were removed aseptieally 
from the moist chambers and the spores Avere scraped from smut sori for a 
germination test. 
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Germinable clilamydospores were obtained from the surface-sterilized 
leaves 10 to 25 days after incubation was started. In some of the tests, the 
spores required a longer period to attain maximum germinability. In some 
cases germination failed to exceed 30 per cent, but this may have been due 
to a residual effect of mercury bichloride. The results indicated that con- 
taminating organisms did not shorten the after-ripening period of the smut 
chlamydospores. 

Influence of Host Tissue on the After-ripening of Smut Chlamydospores, 
—Fresh, smutted leaves of Poa pratensis were cut into 1-ineh lengths, placed 
in several hundred cc. of distilled w^ater and macerated for one minute in a 
Waring Blendor. Following this treatment, residual plant material was 
removed by straining the spore suspension through a piece of cheesecloth. 
Chlamydospores suspended in the plant juice and water were eoneentrated 
by centrifuging the suspension at low-speed for several minutes in an angle 
centrifuge. Most of the supernatant liquid was decanted and the spores 
were resuspended in the remaining liquid and collected by pouring the sus- 
pension on a fine grade filter paper.^ That portion of the paper retaining 
the greatest concentration of filtered chlamydospores Avas cut into small bits 
and placed in a Petri-dish moist chamber for incubation at 35^ C. At the 
same time a sample of the spores was tested for germination. 

Another suspension of chlamydospores in plant juices and water was 
subjected to low-speed centrifugation and the spores were resuspended in 
sterile water. The cycle of washing and centrifuging chlamydospores was 
rex)eated three times. After each washing, some of the spores Avere resus- 
pended in 10 ce. of sterile water and collected on filter paper for incubation 
at 35° C. Samples of spores for immediate germination tests were collected 
at each stage of the operation. 

None of the chlamydospores removed at different stages of treatment for 
an immediate test proved germinable. Tests at frequent intervals on spores 
incubated at 35° C. in moist chainbei’s revealed that spores washed several 
times were more germinable than unwashed spores or those washed only 
once. A germination of 35 to 50 per cent was obtained after incubation for 
12 days with the spores washed three times compared with 25 per cent for 
spores washed once and 10 per cent for unwashed spores. Presence of host 
tissue, however, was not necessary for hastening after-ripening. 

Airasion as a Factor Hastening After-ripening of Smut Chlamydo- 
During the course of experiments to free chlamydospores of host 
tissue, it was observed that the after-ripening period for spores treated in 
the 'Waring Blendor frequently was reduced by several days. It seemed 
possible that the treatment may have scarified the spores and thus hastened 
germination. 

Fresh, 10-gram samples of smutted leaves of Poa pratensis were qdaced 
in 400 cc. of distilled water and treated in a Waring Blendor for 15 seconds, 
30 seconds, 60 seconds, 3 minutes, and 5 minutes. A control was prepared 
3 Schleicher and ScMll Oo,, Ine., New York, N. Y. No. 589, 12i cm. 
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by scraping spores from leaves of the same plants into 50 ce. of distilled 
water. After each interval of treatment, a 50-ec. sample of the spore sus- 
pension was removed for concentrating and washing in the angle centrifuge. 
Each spore sample was washed three times and the spores collected on filter 
paper for incubation at 35^ C. Germination of the treated spores was 
tested every other day. 

Chlamydospores from two different clones and from a composite sample 
of five different clones of Kentucky bluegrass all responded similarly. 
Spores from the control required 10 to 15 days to after-ripen at 35° C, Most 
of the spores agitated in the blender after-ripened 3 to 10 days following 
treatment and incubation at 35° C. 

There was no definite increase in germinability of chlamydospores with 
length of treatment time. Spores agitated 15 seconds seemingly germinated 
as rapidly and as well as spores treated five minutes. Conversely, there was 
no apparent injury from the longer treatment periods. 

Agitating spores in the blender not only hastened germination but also 
gave a definite increase in germination over untreated spores. 'Wjhereas 
rarely more than 75 per cent of untreated spores germinated, often ^90 per 
cent of treated spores germinated. 

Influence of Temperature on the After-ripenmg of Chlamydospores Agi- 
tated in a Blender, — Chlamydospores were removed from fresh, smutted 
leaves of each of two clones of Poa pratensis by macerating the leaves in a 
Waring Biendor for one minute. The spores from each clone were washed 
three times in an angle centrifuge and collected on filter paper. Pieces of 
filter paper bearing spores from the separate clones were placed in Petri-dish 
moist chambers for incubation at 5°, 25°, and 35° C. Spores from each set 
of dishes were removed for an immediate geimiinatioii test. Germinability 
of the spores was determined thereafter at 5-day intervals. 

Tests with chlamydospores incubated at each of the three temperatures 
showed that after-ripening was hastened only in those spores stored at 35° C. 
Of chlamydospores stored at 5° and 25° C., less than 10 per cent germinated 
during a SO-da}^ storage period, while those stored at 35° C. attained a maxi- 
mum germinability, for this experiment, of 75 per cent within 15 days. 

Effect of Storage at Lower Temperatures on Subsequent After-ripening 
of Chlamydospores, — Chlamydospores from each of the two clones of Poa 
pratensis used in the previous experiment were maintained in moist cham- 
bers at 5° and 25° G. for 60 days. The Petri-dish moist chambers containing 
the spores were then transferred to an incubator at 35° C. for after-ripening 
of the chlamydospores. 

When spores were stored at 5° C. an after-ripening period of 10 to 20 
days at 35° C. was necessary to secure maximum germination, while cblamy- 
dospores maintained at 25° C. before they were transferred to 35° C, re- 
quired only 3 to 5 days to reach maximum germinability. This suggested 
that partial after-ripening may have occurred in the spores stored at 25° 0. 

Moisture as a Factor Infi'uencing After-ripening of Smtd Chlamydo- 
spore5.>^Chlamydospores were obtained from fresh, green, smutted leaves 
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of a single clone of Poa pratemis (Clone 37KB120 (26)) lay macerating tlie 
leaves in a Waring Blenclor for varying lengths of time. The spores were 
washed three times, collected on filter paper, and placed, with a control, at 
different moisture levels in an incubator at 35° C. Spores stored, dry were 
placed inside Petri dishes containing dry sheets of filter paper. Spores incu- 
bated partially dry were placed inside small, dry, open dishes which in turn 
were placed inside a Petri-dish moist chamber. This permitted the filter 
paper bits containing the spores to remain dry while the spores themselves 
were maintained in a humid atmosphere. Chlamydospores incubated wet 
were placed inside small covered dishes containing wet filter paper and these 


TABLE 1.-— Germination of chlamydospores agitated for mrying lengths of time in 
a Waring Blendor and incuhated for after-ripening at S5° C. binder different moisture 
conditions 


Agita- 

tion 

time 

Moisture 

Percentage germination 0 to 31 days after iiieubation 

0 

2 

5 

7 

9 

12 

19 

j 31 

Check 

Dry 



few 

few-5 

few-10 

0-few 

few 

few 

few 


Partly 

dry 


0“few 

few 

0-few 

0 

0 

5 

10-25 


Wet 

few 

few-5 

15 

50 

90 

90 

50-75 

10-25 

15 sec. 

Dry 



5 

few-5 

few-5 

few 

; few-5 

few 

few 


Partly 

dry 


few 

few 

few 

0 

0-few 

0-few 

10-25 


Wet 

few-5 

few-5 

50-75 

90 

75-90 

90 

90 

50-90 

30 sec. 

Diy 



few-5 

5-10 

few-5 

few 

5 

few ' 

fe\Y 


Partly 

dry 


5-10 

few-5 

0~f ew 

0-few 

0 

fe-w 

25-50 


Wet 

5-10 

10 

75 

30-50 

90 

90 

90 

90 

60 sec. 

Dry 



few— 5 

5 

few-5 

1 S 

few 

5 

few 


Partly 

dry 


few 

few 

0-few 

1 0-few 

0 

0-few 

25 


Wet 

few-S 

few 

25-50 

75-90 

75-90 

75-90 

75 

10-25 

3 min. 

Pry 



5 

few-5 

5 

few 

O-few 

few 

few 


Partly 

dry 


few~10 

few^ 

0-few 

0-few 

0-few 

0-few 

10-25 


Wet 


few-5 

, 5 ■ 

75-90 

75-90 

75-90 

90 

50 

25-50 

5 min. 

Dry 



few 

few 

0-few 

0-few 

0-few 

0-few 

0 


Partly 

dry 


few~10 

5-10 

few-5 

0-few 

10-50 

25-75 

10-75 


Wet 


few 

15-30 

75 

90 

90 

90 

90 

75 


dishes in turn were placed inside Petri-dish. moist chambers. In this man- 
ner, the spores on the filter paper bits were in direct contact with moisture 
and were insured against drying-out at the high temperature. The dishes in 
each condition were examined daily and the water replenished when neces- 
sary. Germination was tested for spores in each enyironment at frequent 
intervals. 

As shown in table 1, after-ripening of smut chlamydospores occurred 
when the spores were maintained wet at 35° C. Some after-ripening appar- 
ently occurred among spores stored under partially dry conditions since 
germinability had increased to 25 to 50 per cent after 31 days. Also, spores 
agitated five minutes began to after-ripen under partially moist conditions 
10 to 15 days earlier than spores treated for shorter periods or not treated 
at all. Chlamydospores stored dry at 35° C. failed to after-ripen regardless 
of treatment. 
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DISCUSSION 

Treatments have been found that reduce the after-ripening period of the 
chlamydospores of stripe smut on Poa pratensis from 197 days to less than 
30 days. The prolonged soaking used by Davis was replaced by incubating 
chlamydospores at 35° C. in a moist chamber. Since many factors probably 
are involved in after-ripeningj an effort was made to determine which were 
priniaidly responsible. 

The infLuence of contaminating organisms was eliminated when spores 
within suiff ace-sterilized host tissues were made germiiiable in a reasonable 
time by proper incubation treatment. Presence of host tissue was found 
unnecessary since spores washed free of plant juices and after-ripened on 
filter paper were germinable after a short incubation period. While freeing 
spores from host tissue by macerating smutted leaves in a Waring Blendor, 
it was observed that spores so treated frequently germinated more abun- 
dantly and earlier than untreated spores, possibly because of abrasion or 
scariffcation of the spores. Chlamydospores treated in the blender, however, 
still required incubation at 35° C. in a moist chamber before they became 
germinable. 

Partial after-ripening may occur when spores are stored at certain tem- 
peratures. Spores stored moist at 25° C. for three months after-ripened in 
3 to 5 days 'when incubated at 35° C. In contrast, spores stored at 5° C. 
required 10 to 20 days’ incubation. 

The importance of adequate moisture was demonstrated when spores 
incubated dry at 35° C. failed to after-ripen while spores incubated in con- 
tact with free water reached maximum germinability in a short time. 
Chlamydospores incubated in a saturated atmosphere but not in direct con- 
tact with water after-ripened only partially. It was observed that few 
spores germinated during the incubation treatment at 35° C. despite inti- 
mate contact of spores and water. Germination occurred only after treated 
spores were placed in drops of water and incubated at a low^er temperature 
for 16 to 20 hours. 

SUMMARY 

Chlamydospores of Ustilago striaeformis from Poa pratensis Avere after- 
ripened in host tissue free of contaminating organisms. Spores washed free 
of host tissue were after-ripened on filter paper bits incubated at 35° C. in 
a moist chamber. 

Treatment of chlamydospores in a Waring Blendor hastened after-ripen- 
ing and enhanced germinability. 

^ Fresh chlamydospores stored at 5° C. for 60 days and then transferred 
to 35° C. required longer to after-ripen than a similar set of spores stored 
at 25° C. 

Water in contact Avith the spores was necessary for successful after-ripen- 
ing. Spores incubated in a saturated atmosphere required longer incuba- 
tion, Avhile spores incubated dry failed to germinate. 

United States Regional Pasture Research Laboratory, 

State College, Pennsylvania. 
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a Tliis complete solution is designated subsequently as solution B. 

1 Published with the approval of the Director as Technical Contribution No. 860 of 
the Texas Agricultural Experiment Station. 

2 Formerly Pathologist^ Texas Agricultural Experiment Station; now Senior Mycolo- 
gist, Bureau of Ordnance, Navy Department. 
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SYNTHETIC CULTURE MEDIA FOR THE ROOT-ROT FUNGUS, 
PHYMATOTRICHUM OMNIYORUM^ 


■Walter N. Ezekiels 

(Accex)ted for publication October 15, 1944) 

In studies (6) on nutritive relations of Phymatoirichiim omnivonm 
(Shear) Duggar, a synthetic culture solution designated as solution 70 
was derived by successive modification of Brown's artificial potato-dextrose 
medinin (2). Later, solution 70 proved a convenient basic medium for 
testing additions of either nutrient or possibly inhibitory materials (1, 5, 
13). Talley and Blank (13) found that this solution was well balanced and 
that growth of the fungus was not improved significantly by increasing or 
decreasing any of the major inorganic components. Growth increased with 
additional nitrogen (as ammonium nitrate) and carbon (as dextrose) but 
efficiency of carbon utilization decreased. 

Several workers (1, 7, 10, 11) proved that substrata for Phymatotrichum 
omnivomm were improved by additions of zinc, iron, manganese, and some- 
times copper. In extensive experiments, Blank (1) found that with unpuri- 
fied solutions, greater growth was obtained with additions of salts of zinc, 
iron, and manganese to provide about 2 ppm, of these metals. With solu- 
tions purified with calcium carbonate, copper was beneficial also, but addi- 
tions of copper to uiipurified solutions were sometimes detrimental. 

The results summarized in table 1 illustrate the relative importance of 
these metals in the nutrition of Phymaioirichum omnivonim. Traces of 
heavy metals were first removed from solution 70 by the Steinberg (12) 
technique (autoclaving with calcium carbonate and filtering) and Asalts of 
the metals then added. Growth was initiated from agar discs cut from plate 
cultures of P. omnivomm ^ isolate 57, grown on 135-agar (6). In agreement 

TABLE 1. — Growth of Phymatotrichum omnivor im in purified solution 70 with the 
designated addiiioiis of heavy metals. (Mean values of q^umtiiplicate cultu7'es in ^5 ml. 
portions of siibstrata, incuhated at 28.5^ C.) 


Composition of nutrient solutions, indicated as 
additions to purified solution 70 


Mean dry weight of 
colonies, after 

3 weeks 4 weeks 5 weeks 




mg. 

mg. 

mg. 

No additions 

... (lacks Zn, Fe, Mn, Cu) 

35 

35 

54 

Pins 2.5 ppm. Fe, Mil, Gii 

...(lacks Zn) 

41 

54 

67 

do Zn, Mn, Cu 

...(lacks Fe) 

... 119 

141 

192 

do Zn, Fe, Cu 

...(lacks Mn) 

... 232 

287 

307 

do Zn, Fe, Mn 

...(lacks Cu) 

... 251 

314 

333 

do Zn, Fe, Mn, Cu ; 

completea 

.... 292 

336 

338 
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with the results of Blank (1), lack of zinc reduced growth most sharply, lack 
of iron somewhat less, and lack of manganese or copper to a still lesser 
extent. (By contrast, additions of galliinn to the complete solution had little 
effect on growth of the fungus.) 

In recent work, the various synthetic media have generally been used 
with additions of the metals. For convenient reference, and to avoid the 
continuing circumlocntion of repeatedly describing these media as deviations 
from the old formulas, the more important formulas as now used are assem- 
bled below. 

In preparing these media, additions of the small amounts of heavy metals 
are conveniently naade from stock solutions prepared so that 1-ml. portions 
will furnish 2.5 ppm. for 1 liter of final culture solution. For 100-ml. 
volumes of the stock solutions, use respectively: ZnS 04 *71120, 1.10 g.,* 
Fe 2 (S 04 ) 3 , 0.90 g.;MnS 04 ‘H 20 , 0.77 g.,- and CuS 04 * 5 H 20 , 0.98 g. 

SoUition A is essentially the old solution 70 with Zn, Fe, and Mn added. 
The basic solution contains per liter : 


MgSO^'THaO 0.75 g. 

K.HPO, 1.35 

KOI 0.15 

Ainmomum nitrate 1.18 

Dextrose . 40.0 


Zn, Pe, and Mn sulphates are added in amounts to furnish 2.5 ppm. of 
each metal. 

Sohition B is the same as solution A, except that the basic solution is 
purified (by autoclaving with 15 g. of calcium carbonate per liter for 20 
minutes at 15 lb. and filtering while hot) and addition then made of Cu as 
well as Zu, Pe, and Mn, each at 2.5 ppm. This solution has been used, for 
example, in testing possible growth-promoting materials (4) and in measur- 
ing the hihibitive effect of various compounds (8, 9). 

Solution G, modified from the old solution 81 (6) , provides a more highly 
buffered solution than A or B, and has been used in study of pH ranges of 
isolates of the fungus. It contains per liter : 

MgSG, •7H,0 

K 2 HPO, 

Asparagia ...... 

Peptone 

Dextrose 

plus 2.5 ppm. each of Zn, Fe, and Mn. 

Agar D is based on 135-agar (6), wbieb was useful as a general culture 
medium for Pliymatoirichum omnivorum and some other fungi. For stock 
cultures and in various experiments (3), agar D has proved better with 
P . omnworwm, than potato-dextrose agar. This medium contains ^er liter : 

MgSO.-7H,0 

KaHPO* 1.5 ‘‘ 

Peptone 4.2 

Ammonium nitrate 1.2 

Sucrose .40.0 

plus 2.5 ppm. each of Zn, Pe, and Mn, plus agar 20 g. 


2.0 
2.0 '' 
40.0 
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Agm* E. Copious development of sclerotial masses around walls of flask 
cultures lias been obtained with 134‘-agar (6), which differed from 135-agar 
by inclusion of 40 g. per liter of commercial corn starch. With the further 
addition of the heavy metals, this is now designated as agar E. Make up as 
agar D, but incorporate 40 g. of starch before adding the agar. (The starch 
is conveniently first stirred into about 100 ml. of cold water, mixed next with 
about 400 ml. of boiling water, then with the other ingredients which have 
been dissolved in the remainder of the watei*, and the agar finally added.) 

Agricultural Experiment Station, 

College Station, Texas. 
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ROOT DISEASE OP CASTANEA SPECIES AND SOME CONIFER- 
OUS AND BROADLEAP NURSERY STOCKS, CAUSED 
BY PHYTOPHTHORA CINNAMOMI 

Bowen S. Okandall,i G. F. Geavatts and 
Margabet Milburn Eyan2 

(Accepted for publication October 6, 1944) 

INTRODUCTION 

Soon aftei’ extensive work on chestnnt bligiit was started in 1912, reports 
of a disease of chestnut were received from regions where it seemed unlikely 
that blight had yet gained a foothold. Dying chestnuts, Castanea dentata 
(Marsh.) ^Borkh., were reported at the lower elevations in the southern 
Appalachians from Virginia to Georgia, and in the mountainous and hilly 
regions of west Tennessee, north Alabama, and north Mississippi. Observa- 
tions by various individuals disclosed that the dying was caused by a root 
disease. It was first supposed that Armillaria mellea Pr. was responsible 
since It was the only pathogenic organism isolated from the rotted tissue.’ 
in 1931, using new techniques, a. Phytophthora was isolated by the writers 
from the roots of dying American chestnut and chinkapin trees and was 

Rands and so reported by Tucker 
( j. The same fungus was causing a destructive root rot of forest-tree 
nursery stock. This paper reports the work leading to the identification of 
the root-rotting Phytophthora as P. cinmmomi and the inoculation and field 
tests that proved its pathogenicity on chestnut and other hosts. 

HISTORY OP THE PARASITE 

^ For over 100 years chestnut trees (Castanea sativa Mill) in Europe have 
been dying from a root rot called the “ink disease.” It was first renorted 
from Portugal in 1838 and elsewhere in Europe soon after, but no detailed 

O b TT Numerous 

other pathologists, especially French and Italian, tried to discover the caui 

meUel ^hieh they attributed, among other things, to Armillaria 

mellea, Coryneum permciosum Briosi and Parneti, mycorrhizal fungi that 

Sl 7 Xr'iTi 7 "V poor soil conditions (12). 

Finally about 1917, Petri isolated the true causal organism and classified 

It ^ Blepharospora camUvora Petri (26), later changed to Phytophthora 

camUvom (P%tn) Buis. Later P. cmnamomi Rands also was reported asso 

111 England (11) and chestnut trees in southern Europe (22). 

Pathologist, Pwision°of^Poresfpathology^'Burea”S^p/^\^®^1*“ formerly Assistant 
tural Engineering, Agricultural a™- Agricul- 

of Assistant Scientific Aide, Division 

Plant Industry Station, Beltsville, Maryland. Agricultural Engineering, 
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In tlie United States tlie record of dying Castanea can be carried back to 
1824 with some certainty. In that year chinkapins were reported dying 
from iinknowm causes in Georgia (18). The general recession of the chest- 
nut trees in the Southern States has been reYiewed by Clinton (4) . Eeports 
of old residents described the dying of chestnut and chinkapin trees at lower 
elevations in north Mississippi, Alabama, Georgia, Tennessee, Virginia, 
Maryland, and the Carolinas. Around 1900 the Ozark chinkapin {Castanea 
ozarkensis Ashe) was dying in Arkansas, Missouri, and Oklahoma except 
on the tops of high, dry ridges in the Ozarks. 

In 1930 PhyiopMhora cinnamomi was first reported in the United States 
by White (37) on rhododendron. No Phytophthora was reported on Casta- 
nea in this country until 1932 when Miiburn and Gravatt (24) isolated a 
Phytophthora from dying C. dentata and G. pumila (L.) Mill. Phy- 
tophthora later was identified as F. cinnamomi Rands. In 1933 F. cinna- 
momi was found to be the cause of a destructive root rot of red pine (Pimis 
resinosa Ait.) in nursery seedbeds (16) . A number of coniferous and broad- 
leaf seedlings and transplants later were found to be subject to root rot in 
the nursery or in plantings (6). Before the discovery that F, cinnamomi 
was responsible, the losses were attributed by some nurserymen to high water 
table and by others to heavy soils. These conditions favor attack by Phy- 
tophthora. According to the files of the Division of Mycology and Disease 
Survey, Beltsville, Md., F. cinnamomi was reported by Plakidas in 1939 on 
tiing in Louisiana and by Wager in 1940 on avocado in southern California. 
In 1938 F. cambivora was first reported in the United States, on maple (Acer 
platanoides Jj.) hi New Jei’sey (29) . The authors never have found it associ- 
ated with root rot of chestnut or nursery stock in the United States. 

In 1936 Mehrlich (23) questioned the validity of separating Phytoph- 
thora cinnamomi Rands from F. cambivora and suggested that ‘‘they be 
combined into a single species F. cambivora in which strain differences may 
be recognized.'’ In 1937 White (38) placed the rhododendron wilt fungus 
in the combined species F. cambivora. In 1936 the name F. cambivora (F. 
cinnamomi) was used in reporting root rot of nursery stock caused by F. 
cinnamomi (6). Some confusion has resulted from this combination of spe- 
cies. The two species, as separated and recognized by European authorities 
and by Tucker in this country, are present in the United States, The 
waiters are keeping the two species separate. 

SYMPTOMS 

Above-ground symptoms of this root disease vary considerably. In some 
cases in early summer, typical wilting of the leaves appears, followed by 
death and defoliation of the tree. In other, more typical eases the slow loss 
of roots is first indicated by a gradual reduction in the size of the leaves 
over a period of several years (Fig, 1, B). This condition usually is accom- 
panied by chlorosis and slight wilting. In some such eases the entire tree 
dies during the dormant season. In other cases the branches die back until 
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only a few are left ; these may remain alive for several years (Fig. 1, C 
andD). 

The symptoms of the disease on and in the roots are similar to those 


¥m, 1. A. Healthy-appeariiig cliestiiut tree. B. Early symptoms of root rot. 
C and D. Advanced symptoms of root rot. E. Surface S3’'mp toms of root-rot lesion. F. 
Dissection, showing advancing wedge-shaped streaks. 


- described in Europe for the ^ ‘ ink disease. ’ ^ The lesions on the roots nsually 
may be detected by the presence of an inky-blue exudate that stains the soil 
close to the TOot. The surface of a lesion is brownish-black (Pig, 1, E). 
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The lesions vaiy from small ronnd spots to areas extending a iiiimber of feet 
along a root. Eventually, the lesions coalesce and girdle the root, and the 
tree dies when the collar is girdled or when most of the roots are killed. 
Often the first lesions are on the taproot well below the root collar. 

When a lesion is dissected, recently invaded tissue is coimnonly mottled 
light brown and green with no definite margin. The fungus generally ad- 
vances from the invaded region into sound tissue in irregular, wedge-shaped 
streaks (Fig. 1, F). While essentially a root parasite, the causal Phytopk- 
thora can often be found above the ground line in the collar region. 

EPIDEMIOLOGY 

Recession of the American Chestnut 

Early in the study of the chestnut root rot it became evident that the 
facts being brought to light probably accounted for the steady recession of 
the chestnut from large areas in the Gulf and Atlantic States to the foot- 
hills and mountains of Mississippi, Alabama, Georgia, Tennessee, Maryland, 
Virginia, and the Carolinas. Buttriek (3), in a report based on field wmrk 
done in 1912-1913, states, ‘‘During the last seventy-five years the raaige of 
chestnut in North Carolina has decreased considerably. It w^as formerly 
found throughout the ivestern Piedmont section, and remains of old stands 
and single isolated trees are still to be met with. Along the eastern slopes 
of the Blue Ridge and occasionally at the lower elevations in the mountains 
themselves, the recession may still be observed going on, trees are in poor 
health and dying off and their places are being taken by other species. The 
cause of this recession is not well understood, though various reasons have 
been advanced.’’ 

We are accustomed to thinking of introduced epidemic diseases as some- 
thing more or less peculiar to this century, characterized as it is by speedy 
means of communication. The history of Phytophthora cinnamomi as we 
have been able to reconstruct it indicates that the fungus probably came to 
the United States more than a hundred years ago, possibly by way of trading 
ships operating between one of our southern ports and the East Indies or 
Asia. The importation of numerous exotic plants for the gardens of ante- 
bellum estates could easily have been the direct means of its entry. Once 
introduced, it apjiarently spread slowly w^estward, northward, and inland, 
its hosts being the American chestnut and chinkapins. Some observers noted 
the dying of northern red oaks {Quercus 'borealis Michx. f.) where this spe- 
cies occurred mixed wdth dying chestnut and chinkapins. This species, 
although highly suseei^tible in nurseries, has not been proved a host for 
P. cmnamumi in forest st^^^^ 

In the course of the survey work on the disease, numerous reports were 
obtained from old residents giving the story of the death of the chestnuts 
and chinkapins, either as they remembered it or as it was told to them.^'^ An 

3 A resident from MeOiiteliins Gove in the Cumberland Mountains of Tennessee stated 
that he remembered seeing the floor of the valley covered with a heavy stand of chestnut 
All chestnuts suddenly sickened and died within a year or two, except a few along the 
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tops of the Mils. He placed the date accurately as 1867, since it was the year when 
soldiers were returning from military prisons in the North, and the residents of the Cove 
tliought that the disease was something carried from the Yankee prisons by the returning 
soldiers. 


interesting characteristic of the root disease, noted by many of the early 
observers and by the writers, is the simultaneous decline and death of large 
numbers of trees in one locality. Often almost all of the trees of these si^e- 
cies in areas of many acres or in an entire valley died within 2 or 3 jmars. 
Isolated trees within these areas remained healthy-appearing for years. The 
dates of the disappearance of the chestnut and chinkapins as given in these 
reports and in literature are plotted on the map in figure 2. Shaded areas 
show the regions where the writers noted symptoms of the root disease. The 
ranges of the American chestnut and chinkapins are shown, and the locations 
where Phyiopkthora cinnamomi has been isolated are marked. 


/ \ , r a ® \@ / 

1 / 1 pea 


delimits AREA IN WHICH CHESTNUT OCCURRED kj 'l 

DELIMITS AREA IN WHICH CHINKAPIN OCCURRED V | 

■, DELIMITS AREA IN WHICH OZARK CHINKAPIN OCCURRED i 

A PHYTOPHTHORA CINNAMOMI ISOLATED FROM NURSERY STOCK ! 

# PHYTOPHTHORA CINNAMOMI ISOLATED FROM CHESTNUT AND CHINKAplN^^ 

□.._.20TH. CENTURY REPORTS OF CHESTNUT AND CHINKAPIN DYING OF ROOT ROT 

Ol._. 1 9TH.* CENTURY REPORTS OF CHESTNUT AND CHINKAPIN DYING OF ROOT ROT 

SYMPTOMS OF ROOT ROT ON CHESTNUT AND CHINKAPIN OBSERVED BY AUTHORS 


Fig. 2. Observed range of root rot caused hj JPhyfophthora cinnamomi. 


Recession of the Ozark Chinkainn 


About 1900 a duplication on a limited scale of wbat j)robably happened 
to the chestnut occurred through the range of the Ozark chinkapin. Reports 
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of residents and Forest Service personnel then stationed in the area indicate 
that most of the chinkapin population on bottom land and at low elevations 
died within a few years. The root rot is active on sinwivors of the original 
epidemic and the species is slowly disappearing. Only a few Jax^ge mature 
trees remain, at high elevations in northwest Arkansas, 

Local Spread 

How the Phytophthora originally reaches an area is not known, but 
various means of transfer are possible. As soon as Phytophthora appears 
in an area, the trees growing on the lowest, poorest-drained sites are the first 
to die. Those on heavy soils are affected first. The fungus then spreads 
from tree to tree from the longer areas to the higher dryer areas. Trees on 
loose, sandy, well-drained sites frequently remain unaffected for years. On 
moist sites with heavy soils there is some evidence that the fungus infects 
the roots at numerous places after spreading through the soil from the origi- 
nal infection court. 


ISOLATION PROM CASTANEA SPECIES 

Late in 1931 specimens of i^oots from dead and dying American chestnut 
trees -Nvere sent to the Division of Forest Pathology from an orchard in 
Georgia. Cultures from the affected areas yielded a fungus identified as a 
Phytophthora and similar to P. camh worn, cause of the “ink disease” in 
Europe. However, as certain differences were noted, comparisons of this 
chestnut root rot fungus with P. camMvora and P. cinnamomi were made. 
This same Phytophthora^ subsequently determined to be P. cinnamomi ^ was 
isolated from American chestnut specimens from other localities in Georgia 
and Tennessee, from Castanea pumila in South Carolina, and from 0. 
crenata Sieb. and Zuec. in Louisiana. In 1935, in a survey made through the 
ranges of the various species of in the Southern States, P. cinna- 

momi was isolated from American chestnuts dying of root rot in Mississippi 
and Alabama, from Ozark chinkapin in Aidiansas, and from the Alabama 
chinkapin (C. alahamen^is in Alabama. 

The Phytophthora appeared in only 4 per cent of the cultures from natu- 
rally infected specimens shipped in by mail. In the field, where isolations 
were made as soon as the roots were dug, the percentage was only slightly 
higher, but quite variable. The most important factor in the successful iso- 
lation of Phytophthora is to locate healthy tissue that is just being actively 
invaded. Under such conditions the pathogen is growing ahead of other 
fungi that overwhelm it in culture. The best times of the year for isolating 
the pathogen from diseased roots appear to be spring and fall; however, 
isolations have been made in every month of the year. Day (11) reported 
that in England P. cinnamomi was isolated from C, satim only during Sep- 
tember and November. Difficulty in isolating Phytophthora from w^alnut 
(81) and chestnut (13) has been attributed to the presence of toxic exudates 
as well as saprophjdic organisms. In the present study, especially where 
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the specimens were shipped in by mail, molds and particularly TricJioderma 
were fruiting on the surface of the bark. Trichoderma has been found fruit- 
ing on PhytophtJiora lesions on roots at the time they were dug. Since 
TriGlioderma has been reported parasitic on various soil fungi, including a 
species of Phyiophthora (36), possibly it may be parasitic on the Phytoph- 
thora on chestnut roots. In tests, 9 of 12 isolates of Triolioderma found as 
contaminants in cultures where the chestnut PJiytophtJwra was expected, 
apparently were able to parasitize P. cmmmonvi in pure culture. However, 
nursery field tests in which the soil was inoculated with Trichodernia in an 
attempt to control Phytophthora gave negative results. 

The best method for isolating Phytophthora cinnamomi was to place sec- 
tions of diseased root tissue containing only the advancing edge of the rot 
and about one-fourth inch of healthy tissue in test tubes containing sterile 
water. Sections from chestnut should be kept in water for 2 or 3 days, 
several changes of water being desirable. The sections then should be lightly 
surface-sterilized and plated on corn-meal or prime agar. Typical growth 
of P. cinnamomi can often be detected in a few days. 

A method suggested b^yDr. C. M. Tucker, inserting rot sections in apple 
•and subsequently isolating Phytophthora from the apple tissue, has been 
especially good for infected native species of Gastanea. Sections of rot tis- 
sue are selected and snrf ace-sterilized, and the outer bark is removed. Small 
slivers of wood and inner bark containing infected and healthy tissue are 
cut and forced into an apple through a cut in the skin. The hole should be 
sealed with tape or vaseline. This method fails at times because of contami- 
nation by the vigorously growing apple parasite, Biplodia natalensis P. 
Evans. 

THE PATHOGEN 
Descriptio7i 

Better growth was obtained on oatmeal agar made by Tucker’s formula 
(32) than on any other medium employed * on it the fungus produced an 
abundant aerial growth of tangled, white hyphae and chlamydospore-like 
bodies. Similar growth occurred on sterilized carrot slants. On corn-meal 
agar there was little aerial growth and many of the hyphal tips were swollen 
and variously shaped (Pig. 3, G). The same kind of round bodies appeared 
on lima-bean agar. 

The scant growth that appeared on steamed corn mealwas tangled, white, 
and aerial, like that on the oatmeal agar. Medium-length aerial hyphae 
with vesicles in the submerged growth occurred on carrot agar. In nutrient 
solution made according to Petri’s formula (27), some vesicles were pro- 
duced; however, they were more abundant in sterile tap water cultures 
(Pig. 3, B). The hyphae were hyaline and averaged 5.2 p in width, with a 
range of from 4.7 to 6.2 p. They had only occasional cross walls and con- 
tained many fat globules. The chlamj^dospore-like bodies (Pig. 3, A) were 
round and thick-walled, averaged about 29 p in diameter, and usually ap- 
peared singly. The vesicles (Pig. 3, B) were irregular in shape and size, 
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were thin-walled, and oeciuTcd in bunches. Petri believed that ve>sicles act 
as conservation agents since the extraordinary abundance of vesicles in the 
Correze form of Fliytoplithora camhivora corresponded to its almost con- 
stant sterility. 

Sporangia and zoospores were imoduced only when the Phytophthora 
was grown in running water. The cultures were started on carrot slants or 
oatmeal agar and then transferred to running water. A piece of the agar 
culture was cut from the dish and tied in cheesecloth before it was put in 
water. Even with this method the appearance of sporangia was erratic ; 
sometimes they developed quickly and at others not at all. 


JPiG. 3. Phytophthora cinnamomi Rands from chestnut: A. Chlamydosporedike 
bodies. B. Production of vesicles in sterile tap water. C. Typical liypliae with swollen 
tips growing on corn-meal agar. D. New sporangium forming inside emptied sporangium. 
E. Hypha growing from apex of sporangium. P. New sporangium produced on sporan- 
giophore arising from base of old sporangium. G, Sporangium and zoospores. 

Slightly papillate sporangia without distinct plugs were produced at the 
ends of long, unbranched sporangiophores and averaged 55.0 x 38,8 p. Other 
reported sporangia sizes for Phytophthora cinnamomi have been 57 x 33 p 
(30) , 43.6 X 25.9 p, and 46.1 x 31.3 p (32) . P. camhivora has been reported 
as having sporangia 47.6x31.1 p (32), 37.4 x 23.7 p (21), and 60-75x40- 
54 p (27). The contents of the sporangium generally differentiated into 
zoospores (Fig. 3, G). Just before the mouth opeired to liberate them there 
was considerable motion inside the sporangium; then an opening appeared 
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at tlie apex, and the zoospores squeezed out. They swam around vigor- 
ously for a time before coming to rest, and initiated growth by producing a 
single unbranched hypha. In some cases the contents of the sporangium 
escaped without first becoming differentiated and seemed simply to disinte- 
grate. At other times the sporangium germinated without spore production, 
a hypha growing out from the apex (Pig. 3, E) . 

After a sporangium emptied, another usualiy formed inside the old case 
(Pig. 3, D) ; sometimes there wei’e as many as four old cases outside a young 
developing sporangium. Often, a sporangiophore grew out of the base of 
an emptied sporangium and through the month, elongated, and gave rise to 
a new sporangium (Pig. 3, P). Very i^arely a sporangiophore was observed 
growing out from immediately below an evacuated sporangium. 

Since a number of persons who have worked with Phytophthora spp., 
among whom are Leoniaii (20), McKae (22), and Narasimhan (25), believe 
them to he heterothallic, isolates from various localities in Georgia, Tennes- 
see, and South Carolina w^ere grown together on the chance that they might 
represent different segregates. Seven of them, paired in all possible combi-, 
nations, were grown on oatmeal, corn-meal, i^otato-dextrose, and malt agars, 
and in Petries solution, tap water, and distilled water, but no oogonia re- 
sulted. Furthermore, no oogonia were found under any conditions under 
which the isolates were studied. 

Comparison with PhyiopliilioT a caml)ii)ora 

The presence of both Phytophthora cinnamomi and P. camhivora in the 
United States makes a comparison between these species of interest. At the 
time of the stiidj P. camloivora had not yet been found in this country and, 
therefore, no isolates of this species from the United States were included 
in the tests. Three isolates of P. camlivora from chestnut in Europe were 
compared with a number of isolates made by the' writers and with 8 of P. 
cinnamomi from the following sources: 3 of Bands’ from cinnamon in the 
East Indies, 1 of Pe tin’s from chestnut in Europe, 1 of Cookson’s from wml- 
nut in Australia, 1 of Sideris’ from pineapple in Hawaii, 1 of Mehrlich’s 
from Hawaii, 1 of White’s from rhododendron. Each isolate was not used 
in every comparison. 

No differences between isolates of the chestnut P. cinnamomi, gveedev 
than any of those between the other isolates, were noted; therefore, all iso- 
lates of P. cinnamomi are considered as a group. 

Isolates of Phytophthora cinnamomi and P. camMvora were pathogenic 
to apple and nonpathogenic to eggplant. Those of P. cinnamomi were 
pathogenic to potato and green tomato, while those of P. camUvora were 
nonpathogemc. These results are in accord with Tucker’s findings (32) on 
the same hosts. 

No significant macroseopio differences were apparent when the isolates 
of Phytophthora cinnamomi and P. cambwora were grown on oatmeal, corn- 
meal, or malt agars. Growth on malt agar was very irregular for all strains. 
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Oil all these media, the isolates of PkytophtJwra cmnamomi were charac- 
terized microscopically by the presence of irregularly swollen hyplial tips 
and grape-like bunches of ehlaniyclospores or chlaniydospore-like bodies. No 
such growth was present in the P. camhiv ora koleites. Dark chlainydospores 
were jDresent in cultures of P. cimiamomi on KNO3 media 5 none were present 
in cultures of P. canibivora on the same media. 

Optimum temperatures for growth ^vere about 25° C. for PhytopJithora 
cimiamomi and about 30° C. for P. camlivora. White (38) reported 25- 
27.5° C. for P. omnamomb while Tucker (32) reported 25-27° C. for P. 
cinnamomi midi 21 lot P\ camhiv or a. 

Leonian (19) found considerable difference in reaction to the presence 
of malachite green in various concentrations in nutrient solution. He re- 
ported sporadic growth oi PJiAjtophtJwra camlwora at x'f and 4 ppm. of dye 
and no growth at i ppm., whereas P. cinnamomi grew sporadically at i ppm. 
of dye. Ill our tests isolates of P. canibivora made some growth at iV PPm. of 
dye and none in stronger solutions, whereas isolates of P. cmtiamomi showed 
slight growth in concentrations up to and including I ppm. of dye. 

No oogonia were ever found in the writers’ isolates of Phytophthora 
cimiamomi, although cultures were grown in comparison with other isolates 
of P. cinnamomi and P. cambivora on media suggested by previous workers : 
water agar (1), synthetic agar (1), KNO3 (32), soil agar (5), grated-carrot 
agar (17), and carrot-extract agar (28). Oogonia have been reported in 
old cultures of P. cmnamomi by Ashby (2) and on KNO3 by Tucker (32). 
Ashby (2) has reported them in old cultures of P. cambivora, w^hile Petri 
(28) found them in this species on carrot-extraet agar. 

INOCULATIONS 

Potted plants in the greenhouse were inoculated ; the majority with aerial 
hyphae produced on oatmeal agar. Wound inoculations were generally 
made on the main root, a short distance below the collar. In tests without 
wounds, the inoculum, agar cultures ■with as little agar attached as possible, 
was planted in the soil. Pesults obtained from this type of inoculation indi- 
cate that wounding did not increase the percentage of infection. 

When infested soil was the inoculum source, the plants were removed 
from soil in which they were growing and replanted in soil in which other 
inoculated plants had previously died. The Phytophthora was able to live 
at least 1 or 2 months saprophytically in the soil and to kill plants trans- 
planted into it. 

Representatives of 5 tree genera were inoculated. The oaks and oak-like 
Lithocarpns were included because of their close relationship to Castanea, 
and walnut and beech because P. cambivora had been reported on them 
(9,10). 

As shown in table 1 the European and American species of Castanea were 
much more susceptible than the Oriental species to isolates of the chestnut 
Phytophthora cinnamomi. The percentage figures for susceptibility are in 
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most eases the average of the results of moeulatious with several different 
isolates of P. cimamomi from chestnut. Some of the isolates killed 100 imr 
cent of the American species of Castanea while others were comparatively 
weak. Comparisons hetAveen isolates are further discussed under the nursery 
phase of the root-rot problem. It is interesting that in Europe C. viollisnma 
and G. crenata have also been reported as resistant to P. eamhivora (14) . In 


TABLE 1. — SusceptiMliiy of varmis tree speeAes to 'isolates of PUytophthora ciu- 
namomi from chestnut and chinlcapm 


v^pecies 

Plants 

inocu- 

lated 

Killed by 
Fhytoph- 
ijiora 

Olieek 

plants 

Beadii 


No. 

Ter cent 

No. 

Percent 

Castanea alahamensis Ashe 

140 

70 

30 

57 

G. alnifolia Nutt 

113 

82 

30 

57 

0. asJiei Sudw 

16 

94 

4 

0 

C, crenata Sieb. and Zucc 

227 

4 

101 

1 

G, dentata (Marsh.) Borkh, 

86 

70 

54 

2 

G, henryi (Skan) Eehd. and Wils. 

81 

2 

50 

0 

G, margaretta var. arcuata Aslie 

10 

60 

2 

0 

C. moUissima Blume : 

197 

1 

102 

0 

C. osarlcensis Ashe 

60 

70 

12 

25 

G,pimila (L.) Mill 

107 

74 

30 

23 

G. sativa Mill 

251 

38 

124 

2 

C. seguinii Bode 

8 

0 

4 

0 

Fagus grandifolia Elirh 

31 

0 

24 

0 

F, sylvatica L 

40 

0 

5 

0 

Juglans nigra L. 

59 

Ob 

36 

0 

LitJiocarpus euspidatns (Thimb.) Nakai ... 

3 

0 

3 

0 

I/, densiflorus (H. and A.) Eehd. 

6 

50 

8 

0 

Quercus alba L 

75 

3 

57 

0 

Q. agrifolia 

10 

0 

5 

0 

Q, borealis Michx. f . 

56 

4 

28 

0 

Q, coccinea Mueneh 

13 

0 

13 

0 

Q. garryana Bougl. 

54 

0 

30 

0 

Q. macrocarpa Michx ; 

18 

0 

12 

0 

Q, marilandica Mueneh 

21 

0 

10 

0 

Q. montana Willd.e 

157 

1 

• 80 

0 

Q. palustris Mueneh. 

69 

0 

37 

0 

Q. phellos L. 

25 

0 

12 

0 

Q. prinus L. 

13 

0 

11 

0 

Q. rubra L. 

38 

0 

37 

0 

Q.vehitina Lam. 

29 

0 

15 

0 


a PhptopliiJiora could not be isolated from any of tlie dead cheek plants. 

^In later experiments isolates from J. regia L. and J. nigra L. were able to kill 40 
per cent of 5-year-oid trees, while a virulent strain from, red pine caused no root rot. 
c Called -pmws (24), 

a laboratory test C. dentata was susceptible to one of the European isolates 
of P. eamhivora. 

The 3 species of Querciis tha;t were infected artificially with Phytoph- 
thora dnnamomi were later found naturally infected in nurseries (6). 
Neither American beech (Fagus grandifolia) nor European beech (P. syl- 
vatica) became infected. This is an interesting difference between P. cin- 
namomi and P. eamhivora, since in England (11) P. eamhivora has been 
found causing root rot on European beech, and P. cinnamomi has not been 
reported from this host. 
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Black walnut was not infected, tinder the conditions of the experiment, 
with any of the isolates of P. cinnamomi from chestnut. Later these same 
trees were successfully inoculated with isolates from root rot of seedling 
black walnuts {J uglans nigra L.) and Persian walnuts ( J. regia L.) . 

Some 3^ears ago, Dr. N. I. Vavilov, of the Institute of Plant Industry, 
Leningrad, U.S.S.E., visited the chestnut breeding and disease plots of the 
Bureau of Plant Industry near ‘Washington and was considerably interested 
in the possible susceptibility of the Eussian chestnuts, which grow so exten- 
sively ip the Caucasian Mountains, to this root disease and to the chestnut 
blight. Arrangements were made for an exchange of seed, whereby Dr. 
Vavilov sent seed to the United States in 1933 from the Eussian chestnut 
trees and the Division of Forest Pathology sent him seed of some of its more 
promising hybrids to test against Eussian diseases. 

Inoculations with Phytophthora cinnamomi showed that the Eussian 
chestnuts were fully as susceptible to the root disease as were the other 
strains of the European chestnut that this Division tested. The Eussian 
chestnuts from the Caucasian Mountains were also moderately susceptible 
to the chestnut blight disease, caused hy Endothia parasitica. No informa- 
tion has been received from Dr. Vavilov for some time about the reactions of 
our chestnuts to the Eussian diseases. 

FIELD TESTS OF ASIATIC CHESTNUTS 

Test plantings of Asiatic chestnuts have been established on soils in areas 
where the root disease is active on native Castanea ov where it has appeared 
on nursery stock or in orchards. These plantings w^ere in Alabama, Arkan- 
sas, Georgia, Maryland, Mississippi, Louisiana, and Tennessee. Prom these 
tests it has been determined that all available strains or selections of Casta- 
nea crenatayC. mollissimaf C. henryi (Skan) Eehd. and Wils., and C. segtiinii 
Dode have a high degree of resistance to Phytophthora cinnamomi^ which 
causes only small localized lesions on the roots. Individuals of G. sativa, 
known to be susceptible to root rot, were placed in the plantings to act as 
checks. These trees died within a year or two. Eesistaiit trees remained in 
the plots from 5 to 11 years and were unaffected by the root disease. In tAvo 
isolated eases where seedlings of Castanea crenata and C . mollissima were 
growing in waterlogged soils, losses from root rot have occurred, but hoAv 
much damage resulted from water and how much from fungus was unde- 
cided. 

PHYTOPHTHORA ROOT ROT OF NURSERY STOCK 

Hosts 

In 1933, following early spring floods, heavy losses were experienced in 
beds of 3-year-old red pine (Pimts resinosa) in a Maryland nursery. The 
disease was first thought to be of physiological origin because of the failure 
to isolate a pathogen by any recognized technique. However, the disease 
continued to spread notwithstanding the return of more or less normal con- 
ditions in the nursery. With the water-blank method described previously 
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a Phytophthora, later found to be P. oinnamoniij was isolated and its patho- 
genicity was proved (16-). 

For several years losses, often of epidemic proportions on the more sus- 
ceptible species,* ocenrred in seedbeds and plantings of various tree species 
in the nursery where this disease was first noticed and in other nurseries as 
follows: Pinus resinosa from 2 nurseries in Maryland and 1 in Delaware- 
P. sylvestris L. from 1 nursery each in Maryland and Virginia ; P. strohiis L 
from 1 Maryland nursery; Taxus cuspidata Sieb. and Zuec.* from 3 nur- 
series in Maryland and 1 in Virginia; T. haccata L * and T. media Eehd.* 
from 1 nursery in Maryland ; Picm abies Mill, from 1 nursery each in Mary 
land and Virginia; P. pimgens Bngelm. from 1 nursery in Maryland ■ iarfa; 
decidua Mill.* and L. leptolepis (Sieb. and Zuce.) Gord.* from 1 Maryland 
nursery ; Juglans nigra* from 2 Maryland nurseries and 1 each in North 
Oarolma, Arkansas, and Louisiana; J. regia* from 1 Maryland nursery- 
Qteercus borealis* and Q. montana from 2 Maryland nurseries; and the Ihl- 
lowing each from 1 nursery in Maryland: Rhododendron mucromdatum 
lurez., Betula alba L., B. papyrifera Marsh.,* Platanus orientaUs L 
Robima pseudoacaeia L., and Qtiercus alba. ’’ 




On both coniferous and broadleaf species the fungus commonly causes 
a root rot of seedlings and transplants. While apparently uncommon, an 

nursery where Phytophthora cinnamomi 
initially produced typical damping-off. On seedlings, the above-ground 
symptoms of the typical root rot are first noticed in the late spring or sum- 
mer. The first indication of trouble is the loss of the normal green of the 
foliage, followed by wilting in the broadleaf species and by dieback and less 
obvious wilting in the coniferous species. On older nursery stock tlm s™! 
toms m the above-ground portions usually do not appear until the root syl 

Sid^rth therefore, appears to decline 

anLar nfte^t? symptoms on such trees often 

Sy atoLttd wf and are not uncom- 

moiily attributed to other causes, such as drouth or twig blio-ht. 

damping-off age, the fungus' causes a dry 
tjpe of root rot accompanied by resin deposition on and in the infected nor 
tions including the wood. This infiltration of the wood at the point of 
attack IS particularly valuable as a distinctive symptom, since fuLi that 

very recently invaded tissue is eharLLlsffcally" TottM^ tow^ li^-ht 
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tlie rot is not typical. Tlie rot produced on Rohinia is the same color as the 
healthy surrounding tissue, while on Juglans the rot is black. In all other 
species seen, the rot is reddish-brown, and, like that on the conifers, is 
mottled brown and light green in recently invaded tissue. 

In both coniferous and broadleaf species no definite line of demarcation 
is found between the invaded and healthy tissue. The fungus advances into 
sound tissue in irregular wedge-shaped streaks. Phytophthora cimiamomi 
apparently is capable of direct penetration into healthy cells and w^as not 
found in cultures made far behind the zone of active penetration. Data 
taken from an inoculation experiment on ninety 3-year-old Pimis resinosa 
give an indication of its rate of spread within the host. Thirty-two days 
after inoculation 61 per cent of the poiDulatioii uvas dead. The average 
spread of the fungus recorded at the time girdling and death of these trees 
occurred w^as 9 cm. up and 5 cm. down from the point of inoculation, or 2.8 
mm. up and 1.5 mm. down per day. The fastest spread of the fungus during 
this period was 14 cm. up and 5 cm. down from the inoculation point, or 4.3 
mm. up and 1.5 mm. down per day. 

Phytophthora cinnamomi apparently often attacks just below the soil 
line and frequently occupies a portion of the stem of infected trees. The 
presence of the fungus in tissue above the soil line is often indicated, in 
conifers, by external resin flow, and, in broadleaves, by a depressed area 
above the dead cambium. 

In the United States, except in the case of Juglans mgra, no exactly simi- 
lar diseases of the hosts, caused by other fungi, have been described. A 
disease of walnut identical in symptoms but caused by another member of 
the same genus, Phytophthora cactorum, has been reported (8). It can be 
distinguished from P. cinnamomi root rot only by cultural methods. As 
yet, the fungi have not been found together on walnut, although both have 
been found in the same nursery. They have, however', been found together 
in the same seedling in cases of late damping-offi of red pine. 

A root disease of Pimis resinosa^ differing somewhat in symptoms, has 
been found in the same nursery and occasionally on the same tree as the 
Phytophthora root rot. The symptoms of this disease, caused by Sphaeropsis 
elUsii Ell. and Ev. (7), differ from those produced by the Phytophthora in 
that the infected tissue is deeper red with black streaks running through it 
and into the xylem. No resin deposition is associated with this rot. 

Inoculations 

Inoculation tests with Phytophthora cinnamomi^ using four to fifteen 
2- to 5-year-old vigorously growing potted trees, with re-isolation of the 
pathogen, agree with the field observations that Pwii(.s Pur? ;r 

decidua, and Juglans nigra are highly susceptible, J, was susceptible 
to isolates from /. nigra and J. regia in Maryland, but not susceptible to 
isolates from P. resinosa in Maryland or Castanea dentata in Georgia. It 
was not possible to apply Koch ’s rules of proof to a number of the individual 
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species from whicli P. cinnamomi was isolated, because they were not avail- 
able for inoculation. Twenty isolates from 16 different hosts growing in 
seven states have, however, all proved to be identical in that they can pro- 
duce the root disease on P. resinosa and C. sativa and can be reisolated from 
such cases of rot. Species such as Picea ahies and Rohima pseudo acacia j 
found only slightly susceptible in the field, were completely resistant in the 
inoculation tests. As a result of the greenhouse inoculations Douglas-fir 
(Pseiidotsaga taxAfoUa (Poir.) Britton) has been found highly susceptible 
to root rot caused by isolates from 0. pumila in South Carolina, J. nigra and 
P. resinosa in Maryland, and Taxus cuspidaia in Virginia. Fagus grandi- 
folia and F, sylvaiica 'were not susceptible to isolates from Maryland, Dela- 
w’^are, Virginia, and Georgia. P, mugo var. mnghns (Scop.) Zenari, tested 
because it is grown as an ornamental associated -with yews and often is used 
to replace yews that die of root rot, w^as not susceptible to any of the isolates. 
No root rot has ever been found on this species in nurseries or plantings. 
The results of the cross inoculations indicate that there are iDrobably a num- 
ber of slightly different physiologic strains of P, cinnamomi. In a small 
laboratory test, one of Rands ^ original isolates (30) of P. cinnamomi from 
Cinnamomnm burmanni Nees caused root rot of Pinus resinosa that w-as 
indistinguishable from that caused by isolates from that host. The isolate 
•was, however, only weakly parasitic, as compared with isolates from red 
pine, since it took about 4: times as long to invade an equivalent amount of 
tissue. 

Conditions Predisposing to Attack 

As previously mentioned, the first observed loss on Pinus resinosa -was 
an epidemic apparently induced by abnormally wet soil conditions. Subse- 
quent losses of this and other tree species have been sporadic. Generally 
such losses have been heavy. In the instances where a period of abnormally 
wet weather was not the apparent predisposing factor, the trees involved 
iisually had been planted on a poorly drained site. While conditions of poor 
soil aeration create a favorable condition for attack by the fungus, •when a 
susceptible host is invaded the fungus apparently is capable of killing it 
regardless of soil or w^eather conditions. 

An experiment w^as made to determine the effects of soil and water on 
the incidence of the disease, with 3-year-old seedlings of Pinus resinosa 
taken from beds in -which the disease w^as present. The trees selected appar- 
ently -were free from root rot, but no attempt was made to wash or sterilize 
the roots. Thirty trees were potted in greenhouse soil and an additional 30 
in a mixture of half soil and half sand. One third of each group w-ere given 
only enough water to keep them alive, another third 3 times as much, wdiile 
the remaining third were watered 6 times as much. At the end of 118 days, 
in the groups given the largest amount of w^ater, 8 seedlings in soil and 4 in 
the soil-sand mixture dead ; of the group given 3 times the minimum 
watering, 4 in the soil and 2 in the soil-sand mixture w^ere dead ; while of 
those given the minimum amount of water, 3 in the soil and 2 in the soil-sand 
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mixture were dead. Phytophihora cinnamomi and in some of the trees 
SpMeropsis eUisn wtU were isolated from the dead trees. Wager (35) 
was able to artificially infect avocados wdth P. cimiamomi when pots in which 
they were growing were submerged in water for periods as short as 2 or 3 
days. Infection was not possible with trees given normal watering. 

Phytophthora cdniiamomi has been isolated from root-diseased nursery 
stock growing in soils ranging in pH from 3.2 to 7.0. In a single experi- 
ment, in which each of 20 pots, with soil adjusted to pH values of 4.2, 5.0, 
7.0, and 8.0, were planted wdth 1 inoculated and 1 healthy Pimis resinosa 
tree, results were inconclusive since an equal number of the healthy trees 
under each pH value contracted the disease. The finding of the fungus 
causing root rot on nursery stock growing in soils with a considerable pPI 
range wmuld seem to indicate that while the fungus may be affected by an 
adverse pH, as has been shown by White (38), it is nonetheless able to grow 
and infect susceptible hosts. Once infected, the effect of pH probably 'would 
be more important as it affected the vigor of the host itself, rather than the 
fungus. Field tests to control root rot in seedbeds of red pine and blue 
spruce by adjusting the acidity wuth sulphur and aluminum sulphate were 
unsuccessful. The fungus continued its activities at pH readings as low as 
3.3, at which point the host 'was injured by the acid condition. 

CONTROL 

No satisfactory contiul measures for this disease in the nursery have been 
developed. When rot is observed on stock being transplanted, all infected 
individuals should be isolated, and preferably destroyed. At least they 
should not be planted near healthy susceptible species. In nursery soil 
known to be infested with Phytophthora cinnamoniiy poorly drained sites 
and sites on which losses have occurred should be avoided or adequate drain- 
ing should be provided wdien planting susceptible species. Care should be 
taken to avoid overdense stands in the seedbeds of susceptible species. 

All sanitation practices that tend to stop movement of infested soil and 
plant material within the nursery should be used. Such soil and plant 
material should never be added to a compost heap. For such species as 
Jiiglans nigra, which can be planted directly in the forest, seedbed planting 
ill areas where losses from PhytoiMhora cimiamomi have occurred should 
be held to a minimum. 9 

Before work on this disease w^as started, blight had already appeared on 
American chestnuts in the areas where Phytophthora root rot was found. 
Absence of any effective control for blight, in either orchard or forest chest- 
nuts, made control of root rot immaterial. Asiatic chestnuts, brought to the 
United States because of their blight-resistant qualities, are also resistant to 
root rot. Hybrid varieties, resistant to both blight and root rot, are being 
developed by crossing American chestnut and chinkapins with Asiatic spe- 
cies. In Spain, Ur qui jo (34) reports control of root rot, presumably caused 
by P, camHvora, by removing the soil from the collar region of infected 
trees, cleaning the affected area after the fungus is presumably killed by 
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clesiceation, applying a stieker, and tken dusting with copper carbonate. 
This protection is reported to last for a number of years after the soil is 
refilled around the collar region. The majority of root-diseased cliestnuts 
examined in the southeastern United States usually had most of the main 
lateral roots infected as well as the collar region. Often death occurred 
because most of these lateral roots were girdled without the collar region 
becoming involved. However, it appears that the control described might 
be practical if the host tree involved was less susceptible than the American 
chestnut. Varieties of the European chestnut are in orchard plantings in 
the United States, and our tests show them to be less susceptible than the 
American chestnut to P. cimiamomi In blight-free areas top working of 
root-rot susceptible varieties on resistant Asiatic root stock offers an obvious 
control method. 

summary 

Phyiophthora cimiamomi Hands has been found causing root rot, similar 
to the ‘Unk disease’^ of chestnut in Europe, on the American chestnut in 
Maiyland, Virginia, North and South Carolina, Georgia, Alabama, Tennes- 
see, and Mississippi. It has been found causing the same disease on Casta- 
nea amrkensis in Arkansas. Other native chinkapins have been killed by 
the Phytophthora where they occurred within the range of the chestnut. It 
seems probable that this disease is responsible for the recession of the Ameri- 
can chestnut from the lower Piedmont area of the Atlantic States into the 
higher elevations of the mountains and from southern Mississippi and Ala- 
bama into the hilly regions in the northern parts of those States. It is known 
to have caused the recession of the Ozark chinkapin. The pathogenicity of 
P. cinnamomi has been demonstrated on its native chestnut and chinkapin 
hosts. 

In addition, this fungus is the caiise of a similar root disease on 20 
coniferous and broadleaf hosts growing in nurseries in Arkansas, Delaware, 
Georgia, Louisiana, North Carolina, Maryland, and Virginia. 

Field and greenhouse inoculation tests have demonstrated that the 
European Cast anea sat iv a, is susceptible to the disease, while the 

Asiatic species, C. crenatay C, mollissima, G. lienryi, and C. segiimii^ have 
a high degree of resistance to it. 

In greenhouse inoculation tests, Douglas-flr {Pseudotsiiga taxifolia) was 
highly susceptible to the root rot Phyiophthora. 

Division op Forest Pathology, Bureau op Plant Industry, 

Soils, and Agricultural Engineering, Agricultural Hesearch 
Administration, 

U. S. Department OP Agriculture, Beltsville, Md., 

IN Cooperation with School op Forestry, University op Georgia, 
Athens, Georgia. 
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BLIGHT OF OKIENTAL ARBOEVITAE 

A . G . P L A K I D A S 
(Accepted for publication December 4, 1944) 

Several varieties of the oriental arborvitae {Thuja or le^italis L.) are 
extensively grown in Louisiana and other parts of the South as ornamental 
plants. For several years^ these have been subject to a very destructive 
disease knowm locally as ‘"blight” or “fire.” The two varieties most com- 
monly grown in Louisiana, Berckman’s Golden and Baker, are very suscep- 
tible. Another variety, the Rosedale, which was once very popular, is 
virtually out of existence at present because of this disease. The same 
trouble, apparently, affects also the Italian cypress {Cupressus semper virens 
L.). The symptoms on this host are similar to those on arborvitae, and the 
fungus proven experimentally to be the cause of the blight on arborvitae 
appears, morphologically and culturally, identical with that on diseased 
Italian cypress. HoAvover, no cross-inoculation tests have been made. 

The exact geographical distribution of the disease is not known. It is 
definitely known that, besides Louisiana, it is present in the neighboring 
states of Texas, Mississippi, and Arkansas, and it is presumed to occur in 
other parts of the South where arborvitae are grown. 

In the past the disease has been variously attributed to red spider, 
drought, excessive summer heat, or winter injury. A critical study during 
the past two years has shown definitely that the disease is caused by a 
fungus, an apparently undescribed species of Cercospora (6). Because of 
the imiDortance of the disease, and because preliminary experiments have 
shown that it is amenable to control with copper sprays, the results of the 
investigation are presented at this time wuth the hope that they may be of 
interest to other investigators and of practical use to ntirserymen and others. 
Work is in progress to determine the host range of the fungus, the period 
during which infection takes place, and the most practical method.of control. 

DESCRIPTION OP THE DISEASE 

Affected leaves and branchlets are killed, turn brown, and fall off gradu- 
ally. The shedding of the branchlets leaves the plant thin and ragged (Figs. 
1 and 2, A). Approximately the lower two-thirds of the plant is the most 
severely affected. Usually there is a tuft of healthy growth at the top of 
even severely disea>sed plants. Very often, one side of the plant will be 
practically killed with only scattered dead areas on the other side. This is 
particularly true of plants growing close to houses: the side away from, the 
wall is usually more severely diseased than the one next to the/ wall. The 
disease is more severe in nurseries than in gardens, probably because the 
plants in the nursery are close together and the fungus spreads easily from 

^ Nfo authentic records regarding the earliest appearance of the disease have been 
found, but from talks with nurseryinen and others, it was learned that blight has been 
known probably for 20 to 25 years. 
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plant to plant. In the nursery row, infected plants are often killed in a 
relatiyely short time (1-3 years) ; in gardens, affected plants may persist in 
a ragged, unhealthy condition almost indefinitely. 

Cankers also have been observed on young stems. These girdle the bark 
and kill the small twigs. The portion of the stem immediately above the 
ringed bark swells considerably (Pig. 2, B) giving the appearance of an 
insect gall. Stem cankers, thus far, have been found only on one variety, 


Ks. 1. Contrast hetween cheek (center) and inoculated arhorvitae, variety Baker. 
’The plants were inoculated with pure cultures of Cercospora thujina July 14, 1943, and 
photographed May 20, 1944. The illustration shows the thin, ragged condition of the 
diseased plants which results from the shedding of the diseased hranchlets, hut does not 
^how tlie brown color of tbe dead foliage. X 0.1. 


Berekman’s Golden. The same fungus that causes the leaf blight has been 
isolated from the stem cankers. 


CAUSE OP THE DISEASE 

Isolations. A fungus, apparently a Cercospora, has been constantly 
associated with the disease. The fungus was first isolated from diseased 
material of the Baker variety collected in a nursery in Folsom, Louisiana, 
April 6, 1943. Since then it has been found on specimens of diseased arhor- 
vitae collected from different parts of Louisiana and on one specimen re- 




1945] Plakidas: Blight of Arborvitae 183 

eeived from Arkansas. Cultures of the fungus have been obtained both by 
planting pieces of diseased leaves on agar and by isolating single conidia. 

In addition to the Cercospora, peritheeia of Mycosphaerella sp. were 
often found on diseased material, either alone or in combination with Cerco- 
spora. The Mycosphaerella was obtained in culture by isolating single 
ascospores. As isolates of the two fungi appeared similar in culture, it was 
at first assumed that the Mycosphaerella represented the ascigerous stage of 


Hig. 2. A. Arborvitae (var. Baker) twig showing difference in color between liealtliy 
and diseased foliage and branelilets. B. Bark cankers on stems of Berckman^s G-olden 
variety. Both approx, natnral size. 

Cercospora. However, the Mycosphaerella proved non-pathogenic to arbor- 
vitae (Table 1), and it must be assumed that it has no connection with the 
Cercospora. 

Pathogenicity, All the inoculations were made on healthy arborvitae, 
variety Baker, about 3 feet in size and planted in 4-gallon crocks. As the 
fungi used in these experiments did not sporulate in culture,^ the inoculum 

2 Of a total of 29 isolates of Mycosphaerella, two produced, a few conidia in culture. 
These varied from one-eelled elliptical to 2-septate fusiform-cylindrical. None of the 54 
isolates of Cercospora sporulated in culture. 
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was prepared by macerating tlie iiiyceliuzn, together with the agar sub- 
stratum, in water by means of a mechanical blender according to the method 
suggested by Andrus (1) . Young cultures, 9-12 days old, grown on potato- 
dextrose agar, were used to make the inoculum, which was sprayed on the 
plants by means of a small insect sprayer. The inoculated plants were 
placed under large bell jars for periods ranging from 48 to 96 hours, then 
removed and placed outdoors. Inoculations were made also by placing dis- 
eased, eonidia-bearing twigs on healthy plants. 

The results of the inoculation experiments are in table 1. Infection with 
Cercospora was obtained in every case. On plants inoculated during the 
summer (July 14 to September 20) infection was heavy, approximately 50 
to 75 per cent of the foliage becoming necrotic by the end of 5 to 6 weeks 
after inoculation. The period lapsing between inoculation and the appear- 

TABLE 1 . — Summary of inoculation experiments on Thuja orientaUs X., na7\ Balcerj 
with Cercospora tlmjina arid Mycospliaerella sp. 


Treatment 


Time of treatment^i 


No. plants 

Iiioenlated Diseased 


Cercospora tJmjina 

Pure culture Summer 

Winter 

Gonidia-bearing twigs July 14 and 

Aug. 4, 19 

Mycospliaerella sp. 

Pure culture Summer 

Cheek 

Not treated Suimner 

Atomized with HoO, placed in moist 

chamber Summer 

Winter 


8 

4 

3 

7 


71 

4 

3 


8 

4 

3 

0 

0 

0 

0 


a Summer inoculations were made on July 14, Aug, 4 and 14, Sept. 2, 9, and 20, 1943 ; 
winter inoculations were made on Jan, 6, Peb. 8, and Mar. 17, 1944, 


ance of disease symptoms varied considerably in the different experiments. 
In the first iiiociilation made on July 14, the early symptoms (yellowish dis- 
coloration of the leaves) appeared in 2 weeks, and necrotic lesions in 4 iveeks 
after inoeulation. In all other inoenlations made during the summer, first 
evidence of infection was apparent about 4 weeks after inoeulatioii and 
typical necrotic lesions in 5 to 6 weeks. 

With inoculations made during the winter (January 6, February 8, and 
March 17), an entirely different situation was eneoiuitered. The inoculated 
plants were examined once a week until April 25, and, except for a trace of 
disease on one small twig of one of the two plants inoculated on January 6, 
they remained apparently healthy. It was eoiieluded then that the results 
of the winter inoculations were negative and that infection apparent^ did 
not occur during the cool season. However, w.hen the plants were reex- 
amined on May 15, air were typically diseased, although the infection was 
much lighter than on the plants inoculated during the summer. It is not 
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known wlietlier infection oceurred at the time of inoculation and the disease 
did not develop during the cool season, or whether the fungus remained 
viable externally on the leaves and produced infection with the advent of 
warm weather. This question is important from the control point of view. 
Development and spread of the fnng'us in natural infections have not been 
noted during the winter, although viable eonidia have been found on dis- 
eased plants during the winter months. 

The symptoms produced by inoculation were typical of the disease as it 
occurs naturally. The fungus sporulated abundantly on the inoculated 
plants. It was reisolated many times, and it produced the disease when 
reinoculated into healthy plants. 

The Mycospkaerella sp. {29 isolates) was used to inoculate 7 plants on 
6 different dates (Table 1) , and in not a single case did it produce infection. 
It must be concluded, therefore, that it has no connection either with the 
disease or with the Gercospora which is the cause of the disease. 

THE FUNGUS 
Identity 

No report of Gercospora on Thuja has been found in literature, although 
this genus has been i^eported on related conifers. Ellis and Everhart (2) 
reported G. Sequoiae on Sequoia gigantea^ and (7. Sequoiae xav. Jiiniperi on 
Juniperus virginiana. Satisfactory specimens of the type material of these 
were not seen by the writer, A small fragment of Ellis and Everhart’s type 
specimen of G. Sequoiae on Sequoia gigantea was obtained from the Parlow 
Herbarium through the kindness of Dr. D. H. Linder, but neither sporo- 
phores nor eonidia were found on it. 

Three specimens (2 herbarium and 1 fresh) of Cercospora Sequoiae var. 
Jiiniperiy all on Juniperus communis var. depressOj were examined. One, 
obtained from the Parlow Herbarium, was collected by J. J. Davis in 
Melvina, Wisconsin, June 12, 1916. The second was obtained from Dr. 
Charles Ghupp, of Cornell University, and was collected by H. C. Green in 
Madison, Wisconsin, June 10, 1943. The third, which was fresh, was re- 
ceived directly from H. C. Green and was collected in the same locality on 
August 16, 1943. Since the original description of 0. Sequoiae var. Jimiperi 
by Ellis and Everhart was based on the specimen collected by J. J. Davis in 
Wisconsin, it is reasonably safe to assume that Davis’ determination of the 
fungus on J. communis var. depressa was accurate, and, therefore, that the 
Wisconsin specimens examined by the writer actually represented C. 
Sequoiae var. Juniperi E. and E. 

The same fungus was found on all three specimens. It was studied 
rather critically in comparison with the fungus occurring on arborvitae, and 
it was concluded that the two are entirely distinct. The juniper fungus does 
not appear to be u, Gercospora, mad, in fact, it appears doubtful that it 
belongs even in the same family with Gercospora. Its fruiting body (Pig. 
3, D) is composed of a thick sclerotial stroma which extends deeply into the 
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parenehynia tissue and becomes erumpeut/ forming a raised, eiisliion-like 
structure on tlie surface of the leaf from -wMcli arise A^ery numerous shoi’t 
conidiopliores. Tlie fruiting body is defiiiiteljr a sporodocliium j tlie fungus 
is probably an Exospori/um. Other differences Avere noted. The eoiiidia 
and conidiophores of the juniper fungus are decidedly shorter than those of 
the arborvitae fungus. The juniper fungus AA^as obtained in culture by iso- 
lating single conidia and compared Avitli cultures of the arborvitae fungus. 
Cultures of the tAvo fungi on the same medium Avere distinctly different. 


tliujina. Sporoijliore fascicle pressed between glass cover 
v VRH n ■ Q v' conidia greatly enlarged to show tlie ecMmUation. 

of C. thnjina sliomng that the conidiophores 
fip«+rnr, stromatac Ijase (compare witli D). x 180. D. Section through fructi- 

rnMal 7®'^'' showing the thick, sporodochium^like sele- 

lotial stroma from which arise short conidiophores. x 180. 

The arborvitae fungus agrees somewhat with the descriptions of Cerco- 
spora Smoiae in respect to the size, shape, and color of its conidiophores and 
comdia. However, the following statement in Ellis and Everhart’s descrip- 
tion o^f C.Seqtioiae suggests that the fruiting body of this fungus, notwith- 
standing its longer conidiophores, is probably similar to that of G. Sequoiae 
var. Juntperi. Porming large, compact, olivaceous tufts which, under lens, 
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resemble peritlieeia of Sphaerella.’^ The fruiting bodies of the arborvitae 
fiiiigns do not resemble perithecia when viewed under lens. They consist of 
fascicles of spreading conidiophores originating from a narrow base. 

Georgescu and Badea (4) described Cercospora juniperina on Jitniperus 
coniniunis in Eoumania, although in an earlier publication (3), these authors 
had named their fungus Camarosporktm k^niperinum. They described the 
conidia as echinulate. Later, Sandu-Ville (7) collected and examined speci- 
mens of the fungus described by Georgescu and Badea and reported that 
the fungus was neither a Gamarospormm nor ^ Gercospora but an Exo- 
sporkmj probably E, deflectens Karst. 

Dr. Charles Chupp, who kindly examined specimens of the arborvitae 
fungus submitted to him, found the conidia echinulate like those of G. 
Sequoiae and 0. Seqiwiae var. Juniperi whioh he had examined earlier. At 
that time, Dr. Chupp was of the opinion that these three fungi were either 
identical, or very closely related, and, in a letter, expressed the opinion that 
they did not fit in the genus Cercosporu, first because of the echinulation of 
their conidia, and secondly because of the promiscuity in their host relation- 
ship. 

The arborvitae fungus is apparently distinct from those on Sequoia and 
J uni penis. Furthermore, it is doubtful that strict host specificity in the case 
of Gercospora has been proven unquestionably. The objection regarding 
the eehinulations of the conidia is more valid because no provision is made 
in the description of the genus Gercospora for inclusion of forms with 
echinulate spores. In the case of the arborvitae fungus (also of those on 
Sequom and Jimiperus) the eehinulations are so faint and indistinct that 
fairly high magnification is necessary (Fig. 3, B) to see them. In fact, Ellis 
and Everhart apparently failed to note the echinulation, for they made no 
mention of it in their description of C. Sequoiae and C. Sequoiae var. 
Juniperi. In all other characters, the arborvitae fungus fits well in the 
genus Gercospora j and it is therefore described as a new species under the 
name of C. iliujina^ n. sp. 


Description 

The fungus fructifies fairly abundantly on recently killed leaves and 
branchlets, producing grayish tufts of conidiophores which, when examined 
with a dissecting microscope, have the outline of shrubs with relatively nar- 
row bases and spreading branches. The conidiophores (Fig. 3, A) which 
are very numerous in each fascicle (as many as 50 have been counted) arise 
from a relatively thin, more or less disc-like stromatic base. They are long, 
flexuous, sparingly septate, rarely branched, somewhat irregular in diame- 
ter, yellowish-brown, with several spore scars. The conidia (Fig. 3, B) are 
oblong, tapering, with obconic-truncate bases, of approximately the same 
color as the conidiophores, septate, faintly echinulate. 

The fungus grows easily but slowly in culture. The colonies vary fi’om 
dark greenish gray on some media (bean-pod agar for example) to light 
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gray on others (potato-dextrose, corn-meal and oatmeal agars). Patches 
(not sectors) of whitish aerial groAvth often develop on the colonies. Spores 
Avere never observed in culture, although many attempts AA'ere made to 
induce sporulation by growing the fungus under different environmental 
conditions on a variety of media, such as bean-pod, oatmeal, eorn-meal, 
potato-dextrose, and Czapek agars, and on autoelaA'^ed bean pods, potato 
(white and sweet) plugs, and arborvitae tivigs either alone or with the addi- 
tion of soil to the flasks. ' 

Cercospora thujina, n. sp. 

Gonidiophores in dense fascicles arising from a relatively thin, disc-like, stroinatie 
base, long, flexuous, sparingly septate, irregular in diameter, yellowish brown with sev- 
eral spore scars, 26.0-105 x 8.3-5.0 p (average 55.8 x 4.3 n) ; eonidia oblong’ tanm-ing 
straight or slightly curved, with obcouic-trmieate bases, %llowish brown 1-7 Liitafe 
(average number of septa 4.2), faintly echinnlate, 19.0-56.0x4 9-6.6;%™^^^^^^ 

S•^on S of loaves an^iranchlfts a^d 

Type locality; Baton Eolige, Louisiana, U. S. A. 

Qfnf ^posited in the herbarimn of the Department of Botany, Lonisiana 

A-p P? No. 4677, and also in the Mycologieal Gollectfons Bureau 

ot Plant Industry, Washington, D. G., and in the Barlow Herbarium, Harvard University. 

indeterminatis, brunneis,* conidiophoris in fasciculi^ densis e basi stromatic'i 
oriundis, longis, flexuosis, parce septatis, crassitudine inaequalibus fulviV 
cicatxiees aliquot eonidii^ faetas habentibus, 26.0-105 x 3.3-5.0 ti; conidiis oblonffis 

mSe'eeSim^^^^^^^ babeiitibus, fnlvis, 1-7 septatis, 

moriantur effieiens. Baton Eonge, 

CONTROL 

^ In the .summer of 1943, a planting of arborvitae containing 107 diseased 
plants (59 Baker and 48 Berekman’s Golden) in a nuusery in Baton Romm 
Avas divided into 4 sections and treated as folloAvs : “ 

Section I. 26 plants. Cheek, not treated. 

Section II. 28 plants. Sprayed Avith 4r-4-50 Bordeaux. 

Section III. 27 plants. Sprayed AA'ith Cnprocide (89 per cent Cu) 

at the rate of 3 lb. in 100 gallons of Avater. 

Section IV. 26 plants. Sprayed Avith Tennessee Copper Co “Tri- 

basic” copper sulphate (53 per cent Cu) at the rate of 6ib’in 100 
gallons of water. 

Septemhei^r^ applications were made, on June 15, July 19, August 4, and 

fnif “T+f ® severity of the disease varied, each plant was examined care- 
fully at the .start of the experiment, and marked light, medium, or severe. 

his was a rough clas.sifieation based on gross observation, but proved help- 
111.1 in evaluating the results of the experiment. 

All 3 sprays gave practically complete control. The progress of the dis- 
ease on the sprayed plants Avas completely cheeked, and the new growth 

brlithTv "t f 1 l^^althy. There was no shedding of 

bianehlets In the nousprayed check plants, on the other hand, the disease 

By the end of October, the ground under the nonsprayed plants Avas littered 
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with fallen diseased brancMets. Two plants (both Berckman’s Golden) 
were completely killed. Many of the plants whose disease condition was 
marked light at the start of the experiment were in the medinm or severe 
classes by October. 

The contrast between the sprayed and nonspray ed plants was most 
striking in a section of 21 plants of the Baker variety. At the start of the 
test, all -were classed as light in respect to disease. Eleven were sprayed with 
4-4-50 Bordeaux and the other 10 were left as checks. By the end of 
October, the check plants were classed as severe; there was considerable 
spread of the blight upward and much shedding of necrotic branclilets. The 
sprayed plants, on the other hand, were practically normal; the progress of 
the disease was completely stopped, and the new growth remained healthy. 

Although more work must be done to determine the optimum time to 
spray, the minimum number of applications for effective control, etc., the 
results of this one experiment were clear-cut enough to show that probably 
the disease can be controlled by spraying. 

The Bordeaux spray left a rather heavy deposit on the plants which 
might be considered objectionable until toned down by weathering, although 
from a distance the Bordeaux-sprayed plants appeared deeper green and 
healthier. The Cuprocide imparted a light green, slightly rusty hue to the 
plants, but this was not prominent enough to be objectionable. The Tri- 
basie spray residue, being greenish-blue, was hardly visible even at close 
inspection. 

After this paper Avas prepared for publication, J. A. Pinekard brought 
to the writer’s attention a publication (5) in which it is reported that, 
although the cause of the disease was not knoAvn, effective control aa’-rs ob- 
tained in Mississippi by three separate agencies working independently. 
Copper sprays were used by all three. T. G. Owen and Son, nurserymen, 
Columbus, Mississippi, Avere the first to control the disease by spraying Avith 
Cuprocide. Paul V. Siggers, Division of Forest Pathology, IT. S. Depart- 
ment of Agriculture, obtained control by using 4-4-50 Bordeaux at approxi- 
mately monthly intervals. M. L. Grimes and J. A. Pinekard used 3 differ- 
ent copper sprays, 4-4-50 Bordeaux, Cuprocide, and basic copper sulphate, 
the last tAvo at 3 lb. per 100 gallons of Avater. All 3 sprays gaA^e satisfactory 
eontroL 

summary 

A destructive disease of oriental arborvitae, known locally as ''blight” 
or "fire,” is characterized by necrosis and shedding of foliage and branch- 
lets, and by the formation of baidc cankers on small tAvigs. 

The cause of the disease, demonstrated by pure culture inoculations, is a 
Cereospora, apparently an undeseribed species. This is described iinder the 
name of C. thujina, n. sp. 

Pe.Titlieda.‘olMycosphmrella sp. often were found on diseased arborvitae 
leaves and branchlets, either alone or in association Avith the Cercospora^ and 
it was thought at first that this might be the asclgeroim stage of the latter. 
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Repeated inoculations with several ascospore isolates of the Mycosphaerella 
however, failed to cause infection, and it must be assumed, therefore, that 
this fungus bears no relation either to the Gercospora or to the disease. 

A limited spraying test using 4— 4 -SO Bordeaux, eirprous oxide (Cupro- 
cide, 89 per cent Cu) at the rate of 3 lb. in 100 gallons of water, and basic 
copper sulphate (Tennessee Copper Co. “Tri-basic,” 53 per cent Cu) at the 
rate of 6 lb. in 100 gallons of water, checked completely the progress of the 
disease on diseased plants. These results indicate that the disease is amen- 
able to control by copper. 

Department op Plant Pathology, 

Louisiana Agricultural Experiment Station, 

Baton Rouge, Louisiana. 
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EFFECT OF SEED TREATMENT ON PROTECTION, RATE OF 
EMERGENCE, AND GROWTH OP GARDEN PEAS 

L. D, Leach^ and Paul G. Smith- 
( Accepted for publication November 1, 1944) 

The beneficial effects of certain mercury and copxier compounds in 
reducing seed and seedling rots of peas have been Jmown and used com- 
mercially for a number of years. Several authors have contributed infor- 
mation on the factors that influence pea seed decay and on the relative 
effectiveness of different fungicides. This information was summarized by 
Walker et al. (23) in 1940. 

Recently several nonmetallic fungicides have been introduced and found 
to be highly beneficial as pea seed protectants. Additional information on 
the evaluation of both metallic and nonmetallic fungicides has been pub- 
lished by Sharvelle and Shema (19), McNew (12, 15, 16), Felix (6), Shar- 
velle et al. (20), and by Bayliss et al. (4). The cooperative tests conducted 
in 1940, 1941, 1942, and 1943, by the Committee for Coordination in Cereal 
and Vegetable Seed Treatment Research of the American Phytopathological 
Society have added valuable information on the use of seed treatments on 
several varieties of peas and in different parts of North America. 

The soil organisms responsible for seed decay and seedling rot have been 
studied by several investigators (3, 7, 9, 10, 17, 18) . Most authors concluded 
that species ot Pythium were the principal causes of the disease. Some 
found that species of EMzoctonia^ Phytophthoray Fumrixmiy and Botrytu 
caused high mortality of pea seeds and seedlings. Most tests have been in 
naturally infested soils and information on the relative x)rotective value of 
fungicides on pea seed against specific organisms is limited. In one of the 
few trials with specific organisms, McNew (13) tested red and yellow 
cuprous oxide, Semesan, and Spergon on peas in soil inf ested with Pythmm 
ultim%tm and found them equally effective as protectants. 

Injurious effects upon peas have been reported from seed treatment with 
copper, mercury, and zinc compounds. Horsfall et al. (8) reported that red 
copper oxide occasionally caused slight stunting, especially in soil deficient 
in organic matter, while Kadow and Anderson (12) observed some injury 
on Perfection and Wisconsin Early Sweet varieties. Cook (5) found that 
zinc oxide tended to stunt the pea plants. From observations and yield data 
on field plantings McNew (12) concluded that cuprous oxide may cause 
slight injury to peas under certain conditions. In the same trials he found 
that New Improved Ceresan injured Surprise, Green Admiral, and Wiscon- 
sin Early Sweet varieties and concluded that this fungicide was too injuri- 
ous for use on peas. 

1 Associate Professor of Plant Pathology and Associate Plant Pathologist in the 
Experiment Station, University of California. 

2 Instructor in Truck Crops and Junior Olericulturist iu the Experiment Station, 
University of California. 
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Increased yields from treated pea seeds have led to discussions as to 
whether the increases could be attributed entirely to disease control or 
whether they were produced in part by nhemical stimulation, Horsfall (7) 
found that red copper oxide accelerated emergence of pea seeds from cold 
wet soil infested -with Pythium uUimttm. He also observed other evidences 
of stimulation on vegetable crops but concluded that some of the difterences 
might be due to density of stand or freedom from disease, although the possi- 
bility of response to copper as a nutritional element was not excluded. Con- 
cerning this point Kadow^ and Anderson (10) stated that ‘‘the benefit from 
treated pea seed is not limited to damping oif control bnt extends to the 
general welfare of the entire plant. The same authors report that treat- 
ment of pea seed may materially reduce stem and root rots, and also refer 

(1) to the importance to seedling vigor of protecting cotyledons against 
decay. It appeal’s, therefore, that the additional benefits from seed treat- 
ment were due, chiefly, to disease control rather than chemical stimulation. 
After testing Spergon on canning peas in Minnesota, Sliaiwelle and Shema 
(19) reported that in addition to its protective value it appeared to stimu- 
late growth, and in a later paper Sharvelle et al. (20) claimed that treating 
seed with Spergon increased the rate of emergence and produced greater 
vine length and more vigorous root development. It is significant that their 
comparisons were between Spergon-treated and noiitreated seeds in field 
plots and, except in a f eAV trials, not between different seed treatments. 

The most direct evidence of chemical stimulation by Spergon was sup- 
plied by McNew (13, 15), who found that disease-free pea seed planted in 
steamed soil produced 5 to 20 per cent more dry matter Avhen treated AAuth 
Spergon than when nontreated or treated with other fungicides, and in 
another report (14) stated that Spergon “ as a growth stimulant . . . should 
pay dividends in practically every field, irrespectwe of growdh conditions.’’ 
In a repetition of his earlier trials, however, MeNew'^ secured no significant 
differences in the seedling weights from various seed treatments in steamed 
soil. . 

The present investigations were to determine (1) the relative protective 
wmlue of several metallic and nonmetallic compounds under controlled con- 
ditions with known organisms and under field conditions, and to determine 

(2) whether under local conditions any of these materials produced injuri- 
ous or beneficial growth effects aside from protection from decay organisms. 

MATERIALS AND METHODS 

The experiments Avere in three series: (1) greenhouse trials Avitli steril- 
ized soil inoculated with cultures of Pythium ultimum or Bhizocto^iia solani, 
(2) field plantings at various seasons of the year, and (3) greenhouse trials 
in sterilized soil. 

For treatment, the required amount of seed was weighed out and placed 
ill 1-quart fruit jars proAuded with a wooden baffle to insure adequate mixing 

Studies on Vegetable Seed Treatments in 1943. Plant Disease Reporter, Supple- 
ment 145: 11. 1944. >11 
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of tlie seed. After adding the desired quantity of chemical, these jars were 
rotated on a motor-driven device until the seeds were thoroughly coated with 
dust. Since these jars had been used previously for the same seed treatment, 
they were thoroughly coated on the inside with the particular chemical used 
and very little loss or addition of dust was to be expected. 

The soil used in the tests with specific organisms was first pasteurized 
by passing it through the electrically heated device described by Tavernetti 
(21). In repeated trials this apparatus has eliminated the common damp- 
ing-off fungi from soils when proper temperature and soil moisture are 
maintained. After pasteurization the soils were infested with either 
Pytlmim or BMzoctoma by adding agar cultures of the fungus. A Waring 
Blendor was used to suspend the agar cultures in sterile water, as suggested 
by Andrus (2). The fungus suspension was mixed with the pasteurized 
soil and incubated for 5 days at about 20"^ C. before the seeds were planted. 

PROTECTION AGAINST SPECIFIC ORGANISMS 

In previously sterilized soil thoroughly infested with Pytlmim iiltimimiy 
greenhouse trials were run in the winter of 1942 and 1943. The experiments 
consisted respectively of 5 and 6 randomized replicates with 15 seeds for 
each plot in each replicate. The soil wm w^ell moistened before planting, and 
prevented from drying by a light watering as needed. Daily counts were 
made during the period of emergence. About 4 weeks after planting, the 
plants were dug, washed, and inspected. In order to express the severity 
of infection by a single figure, the following system of rating was used: no 
infection, 0; one cotyledon decayed, or slight damage, 25; both cotyledons 
decayed or moderate damage, 50; post-emergence damping-off, 75; and pre- 
emergence damping-off', 100. The disease index for each plot was obtained 
by multiplying each class value by the number of plants in that class, adding 
the products, and dividing the total by the number of seeds planted in each 
plot. A slight error is introduced by non-viable seeds being classed as pre- 
emergence damping-off but with high germinating seed this error would be 
small and about equal in all treatments. 

In 1942 all five treatments gave a highly significant increase in emer- 
gence and freedom from infection as compared with the noiitreated seed 
(Table 1). Semesan and Yellow Cuprocide provided the best protection 
with Sxoergon, New Improved Ceresan, and Arasan apparently somewhat 
less effective. The few’" nontreated seedlings that emerged had cotyledon rot 
or epieotyl infection, and small stunted plants resulted. The average weight 
of green seedlings (Table 1) has an inverse relation to the disease index. 
"When the cotyledons w’ere removed, seedling weights w’ere more nearly equal 
for the various treatments. 

In 1943 all treatments w’ere again much better than the control but 
betwmeii treatments most of the differences in emergence were nonsignificant 
and with respect to the disease index they are of doubtful significance. As 
in 1942 seedling w^eight wms highest after treatment with Semesan and 
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Yellow Cuproeide but this advantage was due largely to the weight of coty- 
ledons (Table 1). This is an indication of the high protective value of these 
two chemicals against Pythium infection but trials in sterile soil, reported 
later in this paper, show, in addition, evidence of direct chemical effects upon 
the cotyledons. 

The two years’ experiments in soil infested with Pythium ultimum indi- 
cate that against this particular organism. Yellow Cuproeide and Semesan 


TABLE 1. — delation of pea seed treatme^its, on the variety Laxton^s Progress, to 
proteotion and growth in soil infested with Pythium ultimum 
Planted in greenhouse Bee. 16, 1942 


Treatment 

Dosage 

Emer- 

Bisease 

Average weight per seedling 

Grreen Drya 

genee 

index 

With 

coty- 

ledons 

Coty- 

ledons 

removed 

Coty- 

ledons 

removed 

Nontreated 

Spergon 

New Improved 

Ceresan 

Yellow Cuproeide ... 

Semesan 

Arasan 

Significant 
difference 

Per cent 

0.187 

0.094 

0.187 

0.312 

0,187 

Odds 19: 1 
Odds 99 : 1 

Per cent 

5.6 

72.2 

78,9 

92.2 

92.2 

51.1 

12.1 

16.3 

97.8 

36.6 

38.9 

12.0 

11.4 

63.6 

11.8 

15.9 

grams 

0.68i3 

1.58 

1,54 

1.73 

1.76 

1.35 

0.18 

0.24 

grams 

0.50b 

1.10 

1.10 

1.18 

1.28 

1.01 

0.17 

n.S.a 

grams 

0.035b 

0.117 

0.118 

0.118 

0.124 

0.115 

n.s. 

n.s. 

Planted in greenhouse Nov. 26, 1943 





Nontreated 


17.3 

88.0 

0.84b 

0.60b 

0,08b 

Spergon 

New Improved 

0.187 

66.7 

44.7 

1.83 

1.64 

0.162 

Ceresan 

0.094 

73.4 

39.3 

1.95 

1.69 

0.166 

Yellow Cuproeide .„ 

0.156 

78.7 

28.3 

2.16 

1.74 

0.157 

Semesan 

0.25 

70.7 

35.0 

2.14 

1.77 

0,169 

Arasan 

0.187 

74.7 

39.7 

1.56 

1.36 

0.138 

Significant 
difference 

Odds 19: 1 

13.7 

13.6 

0.26 

0.20 

0.018 

■ Odds 99: 1 

18.7 

18.5 

0.36 

0.30 

0.024 


a Bried to constant weight at 70° C. 

b Not included in statistical analysis because of small number of surviving plants, 
c Bifferences not significant. 


gave the most effective protection. Spergon, New Improved Ceresan, and 
Arasan were only a little less effective. 

Recently ter Horst and Felix (22) reported the high fungicidal potency 
of the compound “604” (2,3,diehloro-l,4-naphthoquinone) as a protectant 
for peas. During the present investigations, in a single greenhouse test in 
soil naturally infested with Pythium ultimum, the percentages of emergence 
were as follows: Nontreated, 11; “604” at a dosage of 0.2 per centj 79; 
“604” at 0.1 per cent, 67 ; “604” at 0.05 per cent, 54; Spergon at 0.2 per 
cent, 47 ; and Semesan at 0.25 per cent, 82. 
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Tliese results indicate that the new compound ‘^604’^ is highly effective 
as a protectant for peas in soil infested with Pythium. 

Similar trials were made with soil infested with an isolate of Ehizocionm 
solani pathogenic on bean and beet seedlings but not tested on peas. In two 
experiments there was little pre-emergence damping-off, perhaps because 
conditions w^ere unfavorable for infection. As a result there w’’ere no sig- 
nificant differences in emergence betw^een nontreated and treated lots. Post- 

TABLE 2.— Relative protection, rate of emergence, and dry seed yield resulting 
from seed treatments in field plantings 
Variety Laxton’s Progress. Planted Jan. 14, 1943 


Treatment 

Dosage 

Emer- 

geuee 

Mean 
emer- 
gence — 
2 )eriod 

Average yield of 
dry seed 

Per plot Per plant 


Fer cen t 

Fer eent 

Days 

Grams 

Grams 

Nontreated 


58.3 

26.6 

532.7 

9.14 

vSpergon 

0.187 

85.6 

25.4 

651.0 

7.58 

New Iin 2 H*oved Ceresaii 

0.094 

82.8 

25.9 

,593.0 

7.18 

Yellow Cuprocide 

0.187 

83.0 

32.0 

565.5 

6.82 

Semesan 

0.312 

88.3 

26.4 

634.5 

7.18 

Significant difference ...... 

Odds 19 : 1 
Odds 99: 1 

5.6 

7.6 

2.4 

3.3 

48.4 

66.0 

0.75 . 
1.02 

Variety Wisconsin Early 

Sweet. Planted Jan. 14, 

1943 



Nontreated 


18.5 

24.8 

185.2 

10.01 

Spergon 

0.187 

55.1 

28.0 

451,2 

8.14 

New Improved Geresan 

0.094 

41.8 

30.4 

339.3 

8.19 

Yellow Cuprocide 

0.187 

43.0 

30.8 

274,5 

6.37 

Semesan 

0.312 

58.0 

28.4 

441,7 

7.62 

Significant difference 

Odds 19: 1 
Odds 99: 1 

5.0 

6.7 

1.4 

1.9 

61.2 

83.4 

1.31 

1.79 

Variety Laxton^s Progress, Planted Aiig, 16, 1943 

Nontreated 

Spergon 

New Improved Geresan 

Yellow Cuprocide 

Semesan 

Significant difference 

0.187 

0.094 

0.187 

0.312 

Odds 19: 1 
Odds 99 ; 1 

29.3 

64.8 

56.5 

70.7 
81.0 

7.9 

10.8 

8.95 

9.48 

8.88 

9.12 

9.50 

n.s.a 

n.s. 




aDifferenee not significant. 

emergence damping-off, however, was severe in all cases. Inspection of the 
seedlings showed a high degree of cotyledon rot and stem rot, regardless of 
the treatment. In these experiments, none of the materials ivas effective in 
eontrolling cotyledon rot and post-emergence rot caused hj BJmoctoiiia, 
Additional trials would be necessary to determine to what extent these 
results were influenced by the strain of the fungus or by envii*onmental 
conditions. 

FIELD EXPERIMENTS 

The field experiments involved four different planting dates and five 
varieties of peas. The January and August plantings (Table 2) represent 
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the approximate weather conditions encountered during the two commercial 
pea planting seasons in the interior valleys of California. The February and 
March plantings (Table 3), conducted as part of the cooperative tests 
arranged by the Committee on Coordination of Cereal and Vegetable Seed 
Treatment Eeseareh of the American Phytopathological Society, represent 
periods too late for the spring pea crop. 

In addition to the usual data on emergence and yield the writers have 
found the rate of emergence to be an excellent indicator of the effect of seed 
treatment. The most satisfactory measure of the emergence rate is the 
coefficient of velocity of emergence proposed by Kotowski (11). The first 
requisite is that the emergence stand be counted frequently during the 
germination period, preferably at daily intervals. Each daily increase in 
emergence is multiplied by the number of days since planting; the sum of 
these products is divided into the total emergence at the end of the trial 
and the quotient is then multiplied by 100 to give the coefficient of velocity 
of emergence. 

The rate of emergence can be measured also by the mean emergence 
period, calculated in the same way as the coefficient of velocity except that 
the sum, of the products is divided by the total emergence at the end of the 
trial. Also, the mean emergence period ean be determined by dividing the 
coefficient of velocity into 100 since the former term is the reciprocal of the 
latter times 100. 

The mean emei*genee period represents the weighted mean time required 
for the emergence of all seedlings for the treatment. Such a figure is obvi- 
ously influenced by the seed, the depth of planting, moisture, temperature, 
and seed treatment. Within any one experiment all hut the last factor ean 
be assumed to be reasonably unifoimi. The writers have found the mean 
emergence period to be a more usefnl unit than the coefficient of velocity of 
emergence because differences between treatments in the same -experiment 
represent the actual number of days by which the mean germination of one 
lot was delayed as compared to another lot. 

The January planting in 1943 consisted of two varieties : Laxtoii’s Prog- 
ress and Wisconsin Early Sweet each tested with nontreated seed and four 
seed treatments. Each treatment was replicated six times and each plot 
consisted of a single row planted with 100 seeds. Between planting and 
emergence 7.8 inches of rain fell. The air temperature varied from a mini- 
mum of 21^^ P. to a maximum of 62° F. with a mean of 47° F., while the soil 
temperature at the depth of planting varied from 32° F. to 57° F. with a 
mean of 45.5° F, The first seedlings emerged 21 days after planting. In 
emergence of Laxton^s Progress, there was no significant difference between 
the treatments (Table 2) but all were very much better than the nontreated 
control. Isolations from nontreated pea seeds removed from the soil before 
emergence indicate thal Pythiitm uUimuni was the pathogen chiefly respon- 
sible for pre-emergence damping-off in the early spring plantings. The data 
on mean emergence pei’iod (Table 2, column 4) show clearly that Yellow 
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Cuprocide delayed eDiergenee by at least five days as compared with, non- 
treated seed or with other treatments. The yields suggest that Spergon and 
Semesan combined excellent protection with freedom from injurious effects 
while the high yield per plant and low yield per plot in the control is un- 
doubtedly due to the low density of stand. Yellow Cuprocide, in addition 
to delaying emergence, reduced the yield per plant and yield per plot. 



With Wisconsin Early Sweet the highest emergence was produced by 
Spergon and Semesan although all treatments produced much better stands 
than the control. Both Yellow Cuprocide and New Improved Ceresan ap- 
peared to delay emergence as compared with the other treatment and the 
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lower emergence from tliese treatments mav therefore be due either to lower 
protective value or to injurious effects. 

The rapid emergence of iiontreated seed suggests that all treatments 
delayed germination but reference to the emergence curves (Figures 2 and 
3) suggests another explanation. Apparently pre-emergence damping-olf 
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was so severe that only the early germinating plants emerged, while most 
of the late germinating seed rotted below the surface of the soil. By contrast 
treatment, of the seed provided protection for the late germinating seed. 
It IS obvious, therefore, that comparisons between rates of emergence with 
different treatments should be limited to plantings in noninfested soil or to 
comparisons of treatments that provide nearly equal protection. 
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Because of low density of stand the nontreated control again had the 
highest yield per plant but the lowest yield per plot. The low per plant 
yield from seed treated with Yellow Ciiprocide again suggests chemical 
injury while the yields from the other three treatments w^’ere in proportion 
to the density of stand. 

The August planting of Laxton\s Progress was made in the period during 
which the seed for the fall crop of peas is planted in Central California. In 
contrast to the Ioav temperature that prevails during the spring plantings, 

TABLE 3. — Effect of seed treatment on stand and yield of gar den yeas. These data 
loere obtained as part of the cooperative trials for the Committee for Coordination in 
Cereal and Vegetable Seed Treatment Teseareh 
Varieties Surprise and Alderman. Planted Mar, 18, 1942 




Suiqndse 


Alderman 


Treatment 

Dosage 



Green w 

eighth 



Emergence 

Emergence 

Vines a nd 
pods 

Pods 


Fer cent 

Fer cent 

Fer cent 

Grams 

Grams 

Nontreated 


42.2 

34.8 

672 

222 

Bed Cuprocide 

0.279 

74.8 

83.0 

1528 

534 

Yellow Cuprocide 

0.168 

79.4 

85.4 

1628 

554 

Semesan 

0.279 

84.2 

87.4 

1614 

496 

Spergon 

0.223 

83.0 

83.4 

1554 

531 

Significant difference 

Odds 19: 1 
Odds 99: 1 

7.8 

10.8 

7.8 

10.8 

310 

427 

93 

128 

Variety Thomas Laxtoii. 

Planted Eeb. 

16, 1943 




Nontreated ■ 



76.2 

1930 

1120 

Arasan 

a 


85.1 

2400 

1374 

Eermate 

a 


83.3 

2347 

1344 

Spergon 

a 


86.6 

2400 

1355 

Significant difference ...... 

Odds 19: 1 
Odds 99: 1 


5.26b 

7.06 

310b 

420 

n.s. 

n.s. 


a Emergence and yields based on averages for 3 dosages. Arasan, Eeinnate, and 
Spergon were each used at tlie following dosages: 0.084 per cent, 0.168 per cent, and 0.335 
per cent. Differences between dosages and interaction of dosage and treatment were non’ 
significant. 

^ Differences required for significance between treatment means and nontreated ; 
differences between treatment means nonsignificant. 

c Yields for tliis experiment are very low because of tlie late planting date. 

soil temperatures are high and high soil moisture is provided by irrigation 
either before or after planting. It is also very probable that different seed 
decay and damping-off organisms are active at this time of the year. In this 
trial the soil temperature at the depth of planting varied from a minimum 
of 57° F. to a maximum of 94° F. with a mean of 73.4° F. The first seed- 
lings emerged on the sixth day. Only stand and rate of emergence records 
were taken. The best stand was secured from Semesan-treated seed followed 
hy Yellow Cuprocide, Spergon, and New Improved Ceresan in that order. 
Under the high temperature prevailing, the germination of all lots was com- 
paratively rapid and none of the treatments appeared to depress the rate of 
emergence. 
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Seed ti’eatmeHts on three additional varieties are compared in table 3. 
On all three varieties, Surpidse, Alderman, and Thomas Laxton, each seed 
treatment produced a significant increase in stand over the control but there 
were no significant differences in stand between treatments except that Eed 
Cuprocide appeared to be less effective on Surprise than Semesan or 
Spergon. On both Alderman and Thomas Laxton all treatments increased 
the yield as compared with nontreated seed but there were no significant 
differences between treatments. 

The fact that the three different chemicals used in the 1943 planting 
produced nearly equal increases in yield indicates that the result was due 
to protective values and not to the specific stimulating effects of any of the 
. chemicals. 

teials in pasteurized soil in the absence op disease 

To measure the effect of seed treatments on the rate of emergence and 
growth of pea seedlings in the absence of disease two greenhouse plantings 
were made in soil that had been pasteurized to eliminate pathogenic fungi. 

In the first trial, seed treated with Spergon and New Improved Ceresau 


TABLE 4. — Itate of emergence and giant growth in sterile soil of treated pea seed, 
Tariety Laxton^ s progress, grown in flats in the greenhouse 
Planted Jan. 15^ 1943 


Treatment 

Dosage 

Emer- 

Mean 

emer- 

Average weight per seedling 

Green plants 


gence 

gence 

period 

With 

coty- 

ledons 

Coty- 

ledons 

removed 

Coty- 

ledons 

only 

Coty- 

ledons 

removed 

Nontreated 

iSpergon 

New Improved 

Geresan 

iSignifieant 
difference ...... 

Fer 

cent 

0.187 

0.094 

Odds 19:1 
"• Odds 99:1 

Per 

cent 

97.4 

95.4 

97.4 

n.s.^ 

n.s. 

Days 

6.90 

7.00 

7.12 

n.s. 

n.s. 

Grams 

2.49 

2.54 

2.52 

n.s. 

n.s. 

Grams 

2.04 
« 2.04 

2.05 

n.s. 

n.s. 

Grams 

0.45 

0.50 

0.47 

n.s. 

n.s. 

Grams 

0.156 

0.162 

0.159 

n.s. 

n.s. 

Planted Dec. 3, 

1943 







Nontreated 


93.4 

8.71 

2.33 

2.11 

0.227 

0.159 

‘■Spergon 

New Improved 

0.187 

90.0 

8.78 

2.44 

2.16 

0.276 

0.158 

Geresan 

Yellow 

0.094 

86.7 

8.56 

2.36 

2.12 

0.246 

0.158 

Cuprocide 

0,156 

90.7 

9.39 

2,17 

1.85 

0.328 

0.143 

-Semesan 

0.25 

97.4 

8.85 

2.36 

2.04 

0.320 

0.145 

Arasan 

0.187 

92.7 

8.59 

2.35 

2.11 

0.235 

0.159 

Significant 
difference 

Odds 19; 1 

6.4 

0.43 

0.14 

0.14 

0.034 

0.011 

Odds 99 : 1 


0.58 

0.19 

0.19 

0.045 

0.015 


ft Dried to constant weight at 70° C. 
Difference not significant. 


1945] 





Fig-. 3. Effect of seed octants upon cotyledons of Laxton^s Progress garden 
peas in pasteurized soil. Upper left — nontreated; Upper right — Spergon; Lower left — 
Semesan; Lower right- — ^Yellow Ouproeide. The dark necrotic areas on the cotyledons in 
the lower row correspond to the ridges of the wrinkled peas. Spergon did not injure 
cotyledons, Semesan caused slight necrosis and reduced the rate of cotyledon absorption, 
while Yellow Ouproeide caused pronounced necrosis, delayed absorption, and reduced seed- 
ling growth. 




202 


Phytopathology 


[VoL. 35 


Avere compared witli uontreated seeds in 5 replications eacli containing 30 
seeds. Conditions faA^ored rapid germination and the results in table 4 
show that neither of the treatments affected the emergence percentage, the 
emei’gence rate, or the weight of seedlings after 3 Aveeks of groAAdli. 

The second trial in pasteurized soil consisted of fiA^e seed treatments and 
a control each replicated 10 times with 15 seeds per roAV. The seeds Avere 
disinfected with mercuric chloride before treatment. Emergence was at 
about the same rate AAdth all treatments exeept YelloAv Ouprocide with AAdiich 
there was a significantly longer emergence period. It Avas also the only treat- 
ment for which there Avas a significantly IcAA^er seedling AA^eight either Avith 
or without cotyledons. The dry Aveights of seedlings Avithout cotyledons 
show that seeds treated Avith Yellow Cuproeicle or Semesan produced smaller 
plants than seeds Avith other treatments or the control. At least part of this 
difference, hoAVCA^er, is explained by the greater cotyledon weights for the 
same two treatments (Table 4, column 7). 

The cotyledons of plants from the control or those treated AAdth Spergon, 
Arasan, or New Improved Ceresaii Avere shriveled and much reduced in size 
within 3 to 4 weeks after planting in the greenhouse. The cotyledons from 
plants in the Yellow Ouprocide and Semesan treatments AA’^ere at the same 
time not shrweled and only slightly absorbed. Particularly upon the Yel- 
low Cuprocide-treated seeds a very pronounced mottled reddish-brown 
pattern was CAddent (Pig. 3), this pattern apparently coinciding AAdth the 
ridges on the Avrinkled seed. The sunken areas of the dry seed are less 
heavily coated AAdth the dust and remain green after the seed SAvells during 
germination. The darkened pattern, as shoAAni by microscopic examination, 
is composed of necrotic cells on the surface of the cotyledons and results 
from the heaA^y dosage of the dusts on these areas. With Semesan-treated 
seed the cotyledon necrosis is mild and apparently has not reduced the total 
seedling weight or adversely affected subsequent growth. With YelloAv 
Ouprocide, hoAA^eA^er, the seedling weights AA^ere significantly less than with 
other treatments and as shoAAai in table 2 the yield of seed per plant Avas 
reduced. This reduction may have been due to retarded emergence or to 
the reduced rate of cotyledon absorption or to a combination of both factors. 

DISCUSSION 

Pea seed were treated with a number of commercial compounds to deter- 
mine the effect of these materials under sdme of the planting conditions in 
California, their effectiveness as protectants against Pythium nUimiimi and 
BUzoctonia solmi, and their effect on plant growdh. In addition to the usual 
emergence percentage, other measures of the effect of the seed protectants 
were used in some experiments. A disease index combines the degree of 
injury to the living seedling, and the incidence of pre- and post-emergence 
damping-off. This figure was, in general, closely related to the stand counts. 
In some of the experiments the relative rates of emergence were measured 
by a mean emergence period. 
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Most trials with seed protectants have been in field soils without knowl- 
edge of the specific organisms involved. Because some fungicides are more 
or less specific in their toxicity relations it is important to measure their 
protective values in soils infested with different pathogens. 

In three greenhouse tests in soil infested with Pythiim uUimum^ the 
highest protective values were given by Semesan and Yellow Cuprocide; 
but Spergon, New Improved Ceresan, and Arasaii were only slightly less 
effective. In a single trial a new material, dichloro-naphthoquinone (604) 
produced excellent stands in heavily infested soil. 

In field plantings during the early spring months Pythium vMwiiim 
appeared to be the chief cause of seed decay but the infestation was much 
lighter than in the greenhouse trials. In the field, Spergon appeared to be 
as effective as Semesan and in some trials had definite advantages over 
Yellow Cuprocide and New Improved Ceresan. Trials with Arasan and 
Permate were too limited to justify definite conclusions. 

Two greenhouse tests were conducted in soil artificially infested with 
Bhizootonia solani. Due perhaps to environmental conditions or to the 
strain of the fungus, infection was limited to post-emergence rot of coty- 
ledons and epicotyls. None of the seed treatments effectively controlled this 
]3hase of infection. 

The rate of emergence as measured bj^ the mean emergence period or by 
the coefficient of velocity of emergnce was adversely affected by certain seed 
treatments. Under warm temperatures, favorable for rapid germination, 
none of the treatments significantly altered the mean emergence period; but 
whenever the germination period was prolonged by low temperatures Yellow 
Cuprocide caused a significant delay in emergence and a reduction in subse- 
quent growth. 

In one fiield experiment planted in January, the emergence of two varie- 
ties, Laxton’s Progress and ’Wisconsin Early Sweet, was delayed 5.4 days 
and 2.8 days respectively by Yellow Cuproeide. A prolonged injurious 
effect was reflected by a significant decrease in total yield, and yield per 
plant of dried seed at the end of the season. In two greenhouse experiments, 
one in sterile soil and one in BhizoctoniaAnieBted soil where temperatures 
were sufficiently cool, emergence was dela^^ed ; and seedling growth in the 
sterile soil was definitely reduced. 

There was some indication of injury by New Improved Ceresan, although 
the evidence was not so clear as with Yellow Cuproeide. In a field plant- 
ing of Wisconsin Early Sweet, treatment with New Improved Ceresan 
caused a definite delay in emergence. In two of three field tests, stands from 
seed treated with New Improved Ceresan were significantly less than for one 
or more other treatments. It is not clear, however, whether this was due to 
injury or to a lower degree of protection. No evidence of injury from the 
use of Spergon or Arasan was observed in any of the trials, and Semesan 
produced only slight cotyledon necrosis and some delay of cotyledon absorp- 
tion without significantly affecting seedling growth or yield of mature 
plants. 
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Because other workers have reported evidence of stimulation from treat- 
ing pea seeds with Spergon this point was tested both in greenhouse plant- 
ings in pasteurized soil and in field plantings. In pasteurized soils the 
results were influenced only by injurious or stimulatory effects since protec- 
tive effects did not occur. In these experiments there was no evidence that 
any of the materials tested significantly increased the rate of emergence or 
the green or dry weight of seedlings. 

In field trials both the rate of emergence and yield may be influenced by 
infection and by relative protective effects of the fungicideSj as well as 
by injurious or stimulatory effects. It is evident from three field trials that 
none of the treatments hastened emergence as compared with iiontreated 
seeds or with other noninjurious treatments. Yield data from three field 
plantings with different varieties show no significant differences between 
Semesan and Spergon. Yellow Cuprocide and New Improved Ceresan, 
however, resulted in significantly lower yields in two of the three tests. In 
a single test with a low incidence of infection there was no significant differ- 
ence in the emergence rate or yield of peas grown from seed treated with 
Arasan, Permute, or Spergon although each treatment improved both stand 
and yield of vine and pods as compared with the nontreated control. 

The writers conclude, therefore, that under the conditions of these tests 
the benefits of seed treatment were due entirely to disease prevention. In 
the absence of infection none of the seed treatments tested produced more 
rapid germination or higher yields than did the nontreated control. In the 
presence of pathogenic organisms no treatment produced significantly higher 
yields than other treatments that were equally protective and equally non- 
injurious, 

summary 

These investigations comprise a study of the protective valuers of several 
commercial seed treatment preparations and their effect on rate of emer- 
gence, growth, and yield of garden peas. 

A comparison of protective values shows that in soil artificially infested 
'wiih. Pyihnm ulUmim, Semesan and Yellow Cuprocide appeared to provide 
better protection against infection than Arasan, New Improved Ceresaii, or 
Spergon although the differences were not great and all five materials pro- 
vided stands far superior to the nontreated control. In a single trial di- 
chloro-naphthoquiiione also appeared to be highly effective as a protectant 
against Pythmm ultimum. 

In similar trials in pasteurized soil artificially infested with a strain of 
Bhizoctonia solani that produces damping-off on sugar beets and beans, no 
seed decay or pre-emergence damping-off occurred upon peas. None of the 
seed treatments effectively controlled post-emergence epicotyl infection or 
cotyledon decay. 

In field trials where infestations, principally Pythnim, were light or of 
moderate intensity all of the chemicals provided adequate protection. 
Chiefly because of freedom from injurious effects, however, Spergon and 
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Semesan produced better results in some tests tliaii Yellow Cuprocide or 
New Improved Ceresan. 

Injurious effects, represented by reduced rates of emergence and seedling 
growth, were caused by Yellow Cuprocide when tlie seed was planted at low 
temperature. At moderate or high temperature when germination was rapid 
no injury by Yellow Cuprocide was apparent. New Improved Ceresan also 
appeared to delay emergence in one test but it is difficult to determine 
whether the reduced yield, as compared to those with Spergon or Semesan, 
resulted from mild injury or from a lower protective value. 

Localized necrosis of cotyledons resulted from treatment of Laxtoii’s 
Progress peas with Yellow Cuprocide and absorption from the cotyledons 
by the growing plant was delayed. Semesan also produced a mild form of 
localized cotyledon necrosis and delayed absorption but did not appear to 
reduce seedling growth or yield of mature plants. 

No evidence of chemical stimulation as distinguished from fungicidal 
protection was observed in these tests. 

California Agricultural Experiment Station, 

Dato, California; 
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THE EFFECT OP MANIJEE AND OP OOMMEECIAL PEETILIZEE 
ON SUSCEPTIBILITY OP YOUNG APPLE TEBES 
TO BLACK EOOT EOT 

J.S.COOLEYl 

(Accepted for pTiblicatioii November 7j 1944) 

There is evidence^ that certain conditions that presumably affect adversely 
the synthesis and translocation of organic materials and other life processes 
also affect susceptibility of apple trees to black root rot (Xylaria mali 
Fromnie). It seemed desirable to get information on the effect of good 
nutrition versus poor nutrition on the susceptibility of apple trees to this 
disease; also to endeavor to determine to what extent the usual fertilizer 
elements influence susceptibility of the host. 

EFFECT OP MANURE 

In the spring of 1934 Wealthy and Early Kipe trees were set in two 
nursery plots at the U. S. Horticultural Station at Beltsville, Maryland, 
preparatory to manuring and inoculating with Xylaria. One plot received 
manure at the rate of about 14 tons per acre and the other received none. 
The manure was applied every year for 8 years except in 1938 and 1942. 
Cultivation continued until 1938 when it was discontinued on account of 
increased size of trees. Trees were inoculated first in 1936 and then each 
year through 1942, usually about the middle of July. The inoculations were 
made one year on one side and the next year on the opposite side of the main 
root. The method of recording size of lesion was the same as that used in 
a former publication.^ In taking the record of percentage of infection and 
size of lesion the shallow lesions that involved only the cortex and usually 
persisted for a single year were recorded separately from the deep lesions 
that involved and killed the cambium. Since the percentage of cortical 
lesions usually corresponded to that of deep lesions, only the latter are pre- 
sented in this discussion. 

By the end of the first year or two the manured trees showed high vigor 
as evidenced by the large dark green leaves and by the twig elongation. 
However, there was no visual evidence of over-feeding. On the other hand 
the nonmanured trees, early in the experiment, began to show evidences of 
lack of vigor. By the end of the experiment these trees had less diameter 
and height than those in the manured plot. The general effect, however, in 
the nonmanured trees was that of low vigor rather than of a starved con- 
dition. 

1 Senior pathologist, Bivision of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultiu’al Besearcli Administra- 
tion, United States Department of Agriculture, Bureau of Plant Industry Station, Belts- 
ville, Maryland. 

2 Cooley, 1. S. Some liost-parasite relations of black root rot of apple trees. Jour. 
Agr. Bes. [IJ.S.] 69 : 449-458. 1944. 

3 Cooley, J. S. Factors affecting distribution and severity of black root rot of apple 
trees. Jour. Agr. Ees. [U.S.] 65: 299-311. 1942. 
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The percentage of infection obtained in these 7 years of iiiocnlations 
varied from year to year, it being usually between 60 and 80 per cent. The 
percentage of infections obtained in 1937 was lower on these as well as on 
other plots than that obtained in other years. The number of infections 
obtained in 1938 was also abnormally low. In these two years the percent- 
age of infection was less on the manured than on the nomnanured plot. In 
1937 the deep infections were only 9 per cent on the manured plot and 37 per 
cent on the nonmanured. In 1938 the manured plot showed 36 per cent 
infection and the nonmanured plot 57 per cent. Plowever, in 1936, 1939, 
1940, 1941, and 1942 the difference between the manured and nomnanured 
plots was negligible. The general average for the 7 years was 51 per cent 
infection on manured trees and 61 per cent on the nonmanured trees. 

The yearly average diameter of lesion ranged from 18 to 40 mm. There 
was no striking difference in size of the lesion between the manured and non- 
manured plots. The average size of lesion for all 7 years’ inoculations on 
trees in the manured plot was 28 mm. and on trees in the nonmanured plot 
was 26 mm. In the main the infection percentage and the size of the lesions 
on the trees in this experiment were comparable to those on other experi- 
mental plots. In general, the data for seven years of consecutive inoculation 
show that manuring did not affect either favorably or unfavorably the inci- 
dence of the disease. No test has been made of the advance and persistence 
of the disease on bearing trees of high vigor compared with those of low 
vigor. 

EFFECT OP COMMERCIAL FERTILIZER OH RESISTANCE OF APPLE TREES 
TO BLACK ROOT ROT 

The trees used in this experiment were planted 12 to 20 inches apart in 
rows four feet apart. The experiment was begun after the trees had been 
planted three years and when they were beginning to show apparent nutri- 
ent deficiency. The seven fertilization combinations consisted of N-K-P, 
N-K, N-P, K-P, N, K, P, and check, each of which was replicated four times 
in a randomized arrangement. All fertilizers were applied in March or 
early in April. Each plot contained 12 linear feet of nursery row in which 
there were 9 to 12 trees, and the treatments were replicated 4 times, making 
a total of about 40 trees for each fertilizer treatment. The plots w^ere 
arranged in four rows with buffer rows alternating with the 4 fertilized rows. 
The potassium, as muriate of potash, was applied in holes about 8 inches 
deep and 12 inches apart, 10 inches from each side of the tree row. Nitro- 
gen, as Chilean nitrate of soda, and phosphorus, as 16 per cent acid phos- 
phate, were applied on the surface. Assuming that the fertilized trees fed 
in the fertilized plot only and that the trees in the buffer rows did not 
appropriate fertilizers intended for experimental rows, the rate of applica- 
tion was 107 pounds of muriate of potash, 107 pounds of 16 per cent acid 
phosphate, and 324 pounds of nitrate of soda per acre. . The only evidence 
of fertilizer injury was a yellowing of the foliage and slight defoliation on 
the plots receiving potash alone. 
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By tlie end of the experiment no outstanding differences conld be noted 
in the different plots. Twig elongation and color and size of the leaves did 
not indicate ontstanding differences in nutrient levels. The trees in the 
check plots did not make quite as much twig elongation as those in some of 
the nitrogen plots, but they were not in a starved condition. 

The percentage of deep infection on the check plot for most years was 
comparable with the results of other inoculation experiments. In none of 
the fertilizer treatments did the percentage of infected trees differ greatly 
from that in the check plot. 

During the 4 years the inoculations were made the infection percentage 
varied somewhat from year to year. In the 3 years 1939 to 1941 inclusive, 
it usually ranged around 55 to 80 for the various fertilizer treatments. In 
1942, however, it was consistently low on all fertilized plots, ranging from 
about 20 to 30 with an average of 26, while the unfertilized check was 32. 
The average percentages of deep infections for the 4 years from 1939 to 
1942, inclusive, were : check, 62; N-K-P, 62; N-P, 60; N, 61; K, 46; K-P, 
67; P, 48. 

The average percentages of infection on the plots receiving only potas- 
sium and on those receiving only phosphate were low. However, the plot 
receiving a combination of these two elements had as many lesions as the 
other fertilized plots or the check. The data indicate that there is no 
appreciable difference in the percentage of infection resulting from the 
fertilizer treatments used. 

The average size of lesion in mm. for each fertilizer treatment was as 
follows: check, 26; N-K-P, 24; N-P, 28; N--K, 27; N, 27; K, 26; K-P, 25; 
P, 24. There was thus no appreciable difference in the size of lesion on the 
plots receiving the different fertilizer treatments. 

Plant Industry Station, 

Beltsville, Maryland. 


PULLULAEIA PULLULANS STOEAGE PEUIT SPOT OP TOMATO 

Oaklton F. Taylor and Leland Shanor 
(Accepted for publication November 28, 1944) 

Early in December, 1943, tlie senior author's attention was called to a 
spot of tomatoes that was developing on ripe fruit of the variety Break 
O'Day which had been in cold storage since the latter part of October at 
West Virginia University, Morgantown. Since the spot was one which was 
not familiar, isolations were made from fruits at Morgantown. Later a 
spotted fruit was left at the Beltsville, Maryland, laboratory of the Emer- 
gency Plant Disease Prevention Project for additional isolations. PiiLhdaria 
ptilhtlms (DeBy.) Berkhout {^Pemwtkm imlhilans DeBy.) was obtained 
independently in pure culture in both laboratories. Because this organism 
apparently has not been reported as a pathogen on tomato fruit, the spot 
caused by it is being illustrated and described briefly, together with a short 
account of experimental evidence demonstrating its pathogenicity. 

The tomatoes on which the spots later develoiDed were picked on October 
6, following a light frost, and were placed on newspaper on a floor to ripen. 
As fruits ripened they were individnally wrapped in oil-treated wrappers 
and placed in the cold storage room where the temperature was between 
and 4.5° C. and where the humidity was high. Some of the wrappers had 
been used previously to wrap sweet potatoes, while others were being used 
for the first time. The fact that some wrappers had been used and others 
had not, did not influence the prevalence of the fruit spots. Spots were as 
abundant on fruit wrapped in unused wrappers as on fruit wrapped in 
wrappers that had been used before. By late November many of the fruits 
had characteristic spots and by the end of December practically all of the 
fruits were affected. 

In the early stages of development spots caused by Pidhdaria pidhdans 
appear superficially to be somewhat similar to early anthracnose lesions. 
At first, the mycelium forms a light colored mat under the epidermis, and 
the area immediately surrounding it appears water soaked (Fig. 1, a). A 
depression soon develops and eventually the mycelium in the center becomes 
deeply pigmented so that the center of the spot is black surrounded by a 
lighter i*egion. This in turn is surrounded by a water soaked area (Pig. 
1, b). Lesions are circular and seldom attain a diameter greater than 1.5 
cm. Eventually the epidermis over infected areas cracks and the mycelium 
develops outwardly to form a relatively solid ridge of fungal tissue, at first 
light colored, but later becoming black and shining. 

When the skin of fruit is peeled away from the flesh over lesions, the 
underlying fungal growth tends to remain attached to the epidermis in a 
somewhat hemispherical mass. Pure cultures were isolated easily from these 
fungal masses. Cultures of isolates grow readily on such standard culture 
media as potato-dextrose agar and corn-meal agar and produce conidia abun- 

210 ■ ■ .. . . , 
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dantly at tlie surface of the culture media. Such colonies are smooth, shin- 
ing, at first white to cream, later buff or tan, and in surface growth appear 
distinctly yeast-like. In older cultures, portions of the mycelium within the 
agar and scattered segments in the surface growth turn black.. Such my- 
celium has rounded cells with much thickened and pigmented walls. 

Coiiidia commonly sprout from any hyaline cell of the mycelium and 
frequently produce secondary conidia either while attached or upon becom- 
ing separated from the parent cell. Sprouting from secondary conidia. and 
the conidia that continue to be formed in this manner often results in the 
formation of conidial chains. In order to demonstrate the pathogenicity of 
isolates and the ability of spores to penetrate the epidermis and develop 


Fig. 1. Tomato fruit of variety Marglobe, slio-whig fruit storage spot produced 
by Pulhilaria ‘piillulans. a. Spot before pigmeutatiou of the organism has developed, 
b. Later spot showing central area occupied by darkly pigmented mycelium surrounded 
by an area of lighter mycelium and an outer water-soaked region, x about 1.7. (Photo- 
graph by W. J. Mead.) 

under storage conditions, fruit of the variety Marglobe, after being washed 
in sterile distilled water, were dipped in a spore suspension, placed in moist 
chambers, and then allowed to remain in a refrigerator at 7.5° to 10° C. 
Fruit in varying degrees of maturity from green to ripe was inoculated. 
After about ten days in the refrigerator typical early lesions were evident 
on inoculated ripe and nearly ripe fruit. Three or four days later the typi- 
cal darkly pigmented mycelium became evident in the center of many of 
these spots. The fruit illustrated in figure 1 was inoculated by being dipped 
in a spore suspension. Spots developed more slowly on green tomatoes than 
on ripe or nearly ripe fruit. The fungus developing under the epidermis 
of green fxmit became pigmented almost from the time spots were recog- 
nizable. Pure cultures of FtilUdaria pulUdans were reisolated from infected 
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fruit, tlius demonstrating beyond a doubt that tliis fungus was responsible 
for the fruit spot and may be parasitic to tomatoes under the storage con- 
ditions noted. 

The temperature of the room in which the spot was originalh" detected 
was below that at which tomato fruits are commonly stored and the tempera- 
ture of the refrigerator used for storage of the inoculated fruit was also 
slightly below that generally recommended for commercial practice. Whether 
the parasitic tendencies of this organism for tomato are limited to low tem- 
perature environments alone has not been investigated. 

Bureau op Plant Industry, Soils, and Agricultural Engineering, 
Beltsville, Maryland. 


DESIGN FOE CONSTANT-TEMPEEATUEE TANKS 

W. A. CampbelI/ and John- T. Presley 
(Accepted for publication Hoyember 20, 1944) 

In the course of investigations on guayiile diseases it was deemed desira- 
ble to study the relation of soil temperatures to infection by soil fungi. For 
this purpose constant-temperature tanks were built. These were patterned 
after those developed at the University of Wisconsin,'^ but their construction 
had to be greatly modified because of the unavailability of preferred ma- 
terials. These modified constant-temperature taiiks,^ especially those cooled 
directly by mechanical refrigeration, proved so satisfactory that plans of 
their construction are herein presented. 

The series consisted of six redwood tanks each divided into two compart- 
ments. Four of the tanks (8 compartments) were electrically heated and 
thermostatically controlled to provide temperatures above that of the water 
supply (approximately 70 F.). Four compartments in tAvo tanks Avere 
cooled by individual refrigeration coils to provide temperatures below 70° F. 
The temperatures ill both the electrically heated and the mechanically cooled 
tanks did not fluctuate more than 2 degrees from the desired temperature. 

Each compartment contained 8 metal cans, 8 inches in diameter and 
18 inches deep, in which plants Avere grown directly, or in 6-ineh unglazed 
pots embedded in sand to facilitate aeration and drainage. Details of the 
construction of the redwood tanks and the arrangement of the cans are in 
figure 1. Blueprints of the tanks may be obtained from the Guayule 
Eesearch Project.^ 

Construction of the Tmiks. — The tanks Avere of 2-ineh j)laned redwood 
planks splined with ^ x 1-inch rediA^ood strips and firmly bolted together by 
long iron rods. In order to replenish Avater lost by evaporation, as well as 
to provide a means of quickly changing the temperature within a tank, a 
4^-inch water line with valve was eomieeted to the bottom and an overfloAV 
pipe arranged at the top. 

Electy^ically Heated Each indiAudual compartment in the four 

tanks designed for operation at temperatures above that of the Avater supply 
was electrically heated by 30 feet of lead-covered heating cable connected 
to a 110- volt line. The capacity of the heating cable was sufficient to furnish 
a temperature range from 70° to 110° F. The desired temperature within 
each compartment Avas maintained by an adjxistable thermostat connected 
to each heating unit. 

Mechanically Cooled J7ml— An ordinary refrigerating unit (KelAdnator 

A Jones, L, B., J. Johnson and J. A. Dickson. Wisconsin studies upon the relation 
of soil temperature to plant disease. Wise. Agr. Exp. Stat. Kes, Bui. 71. 1926. 

2 The details of the construction of the tanks, as well as the arrangexnents for heating 
and cooling, were developed by M. Gr. Still, Chief Foreman, Construction and Maintenance, 
Forest Service, Emergency Bubber Project. 

3 The drawings of the constant temperature tanks were prepared by W. E. Deeiner, 
Associate Mechanical Engineer, Forest Service, Emergency Bubber Project. 
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series SSB, powered by a -J-liorsepower electric motor) furnished refrigera- 
tion for the 4 compartments in which temperatures below 70° F. were main- 



2 — en.. at 
temperatures, but would not maintain all 4 at 40° F. 


Campbell and Presley: Temperature Tanks 


215 



Typical Cross Section 
Mechanical Cooled Unit 


Fig. 2. Meelmnically cooled constant-temperature tanks. Upper diagram: Plan 
view showing arrangement of tubing connecting two of the cooling coils with the refriger- 
ation unit. The installation now in use has 4 compartments connected to the same 
refrigerating unit. Lower diagram: Cross-sectional view, showing details as to the 
arrangement of the installations in a single compartment. 

A. Cooling coil. B, Temperature-regulator valve. C. Immersion-bulb thermostat. 
D. Thermostatic expansion valve. E. Dryer. 1^. Temperature control. G. Air line. H. 
Spray nozzles to provide agitation. I. Water intake at bottom. J. Overflow pipe (:i-inch 
copper tubing). 
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Installatioiis at the refrigeration unit consisted of a di\yer (E) and a tein- 
peratiire control unit (P) connected as shown in figure 2, The cooling coils 
(A), one to each compartment, were connected to the refrigerating unit. 
Each cooling coil was supplied with a temperature-regulator valve (B) and 
an immersion-bulb thermostat (C) operating in conjunction wutli a thermo- 
static expansion valve (D). Different temperatures could be maintained in 
each of the 4 compartments by adjusting each temperature-regulator valve. 
In actual practice temperatures from 40° to 65° P. w^ere commonly main- 
tained. 

In order to maintain uniform temperatures within the tank, an air line 
(G) with 3 spray nozzles (H) was placed in the bottom of each eompa^i't- 
ment to provide agitation and circulation of the •water. 

Special Guayule Eesearch Project, 

Bureau Plant Industry, Soils, and Agricultural Engineering, 
Salinas, California. 


PHYTOPATHOLOGICAL NOTES 


Foria microspora, %n House Timbers. — The urgent demands for wood 
during the war period have often resulted in the use of poorly seasoned 
lumber which, when shipped long distances in carload lots, sometimes arrives 
at retail yards with mats of fungus mycelium covering many of the timbers. 
This lumber is often sold to building contractors before much more air dry- 
ing can take place, even in those yards where open piling is employed. The 
use of such partially dried and contaminated lumber in war-time housing 
construction, coupled with restricted ventilation within the walls of houses 
insulated by modern methods, creates moisture conditions that favor the 
growth of wood-decay fungi. Under such conditions a native but newly 
described fungus, Foria microspora Overholts, ^ has been found causing seri- 
ous decay in a new house of modern construction at Syracuse, New York. 

The fungus apparently was present in the lumber at the time of con- 
struction. Although the house was heated and ventilated immediately after 
plastering, the moisture conditions within the insulated walls w^'ere such as 
to permit decay. It is believed that moisture from the drying plaster raised 
the relative humidity of the air within the wall, and the uprights, sheathing, 
and inner surface of the siding absorbed sufficient moisture, either directly 
from the air or as a result of condensation, to permit active decay. 

No sporophores were formed on the decaying wall timbers but when 
several boards of the decaying pine sheathing were placed in the decay 
cellars at the New York State College of Forestry fruit bodies were produced 
on the wood in approximately one year. A thick, light-colored mycelial mat 
appeared first and large drops of colored liquid Avere profusely formed upon 
its surface. Tubes formed soon afterwards. The determination of Foria 
microspora w^as made by the junior author and confirmed by Dr. L. 0. Over- 
holts of the Pennsylvania State College, and a further confirmation was 
made by means of cultural as well as morphological characters by Dr. 
Mildred K. Nobles, Junior Plant Pathologist, Division of Botany and Plant 
Pathology, Central Experimental Farm, Ottawa, Canada. 

Foria microspora appears to form fruit bodies very rarely, as these have 
been reported from only three other widely scattered stations. It was first 
found on Sitka spruce in the Queen Charlotte Islands off the coast of British 
Columbia, and later on flooring at Sharon, Wisconsin, and on a southern pine 
beam in a boat at Mystic, Connecticut. Its existence in Eastern Canada at 
Calumet, P. Q., has been determined from cultures of spores caught in spore 
traps. Infected wood has been demonstrated over a still greater area, by 
cultures of Sitka spruce and Douglas fir imported into Great Britain from 
Canada, and from Douglas fir in Oregon and Toronto. So far it has been 
found in British Columbia only on standing trees.^ This extensive but spo- 
radic distribution probably indicates that the fungus is widespread but has 

1 Nobles, Mildred K. A eontribution toward a elariiicatioa of the Trametes serialis 
complex. Canad. Jour. Ees. (C) 21: 211-234. 1943. 

2 Nobles, M. K. 0^?. cit. 
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been overlooked because of the rare appearance of the fruiting structure; 
perhaps also because the plant has been confused with Trametes serialis 
Pries. 

Externally Poria nvicrospora (Pig. 1) closely resembles the resupinate 
and more familiar Trametes serialis. The fruiting body, formed in the decay 
cellars, is dull white, about 3 min. thick, and the texture when fresh was dry 
and soft-papery, quite different from the much tougher T. serialis. The 



I'm. 1. A fruit 13037 of Porto tniorospora produced on southern pine sheathing. 

tubes reached a length of 8 mm. on a sloping surface, and the openings 
or pores averaged about 2-2.5 per mm. The subiculum hyphae bear abun- 
dant clamps. The spores are smooth, hyaline, oblong to oblong-ellipsoid, 
5-6 X 2.5—3 y. These microscopic characters serve to separate P. microspora 
from T. serialis, which lacks clamp connections on the subiculum hyphae and 
a so has larger spores, 7-9 y long.. — Eay R. Hirt and Josiah L. Lowe, New 
York State College of Forestry, Syracuse, New York. 

The Name of Ansatospora macrospora.—ln the summary of his recent 
paper on a storage rot of celery, NewhalP states: “The fungus causing this 
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disease is thought to he the one previously described by Osterwalder as the 
cause of a pansy leaf spot, named Cercospora macrospora by him. Its 
identity with the fungus causing anthraenose of caraway, described and 
named Cercospora cari by Westerdijk and van Luijk, also is established. 
Its name is changed to Ansatospora macrospora (Ostw.) ii. gen. chiefly on 
the basis of the long prominent appendage protruding from the basal cell 
of the conidium. ” 

The purpose of this note is to point out that in 1880 Robert Hartig^ 
described what is undoubtedly the same fungus as causing a destructive dis- 
ease of maple seedlings. He called this organism Cercospora acerina. 
Later, Prank^ made the statement that Hartig had determined the fungus 
wrongly and without further comments he named it Sporidesmium acerina 
(Hart.) Prank. It is presumed that Prank examined some very old mate- 
rial in which the coiiidia are quite dark and frequently swollen. Still later 
Arnaud^ observed the fungus on maple seedlings in Prance but evidently 
only in the young, hyaline condition, for he changed the name to Gerco- 
sporella acerina (Hart.) Arn. Like Osterwalder,® Hartig failed to mention 
or recognize the conidial appendages as such, though these structures are 
clearly shown in the illustrations of both authors. That Hartig actually 
saw the appendages is clear from his drawings and from his comments. He 
states that if the slender tip of a conidium is broken before growth is com- 
pleted, then a substitute tip grows out somewhere near the end. If this 
substitute tip occurs on the slender part of the conidium, it grows out at a 
right angle, and if it occurs lower down on the broken conidium then it 
grows out bayonet like.’’ In his own words: '^Bricht vor Beendingung 
des Wachstums die zarte Spitze ab, dann wachst nahe dein Ende seitlich 
eine Ersatzspitze hervor, die dann, wenn sie an dem zarten Theile der 
Conidie sich bildet, rechtwinklig, Pig. 5a, wenn sie an einer tiefer unten 
abgebrochenen Conidie entsteht, bajonettartig hervortritt Pig. 5b.” He evi- 
dently misinterpreted the appendages for outgrowths in response to injuries, 
Hartig gave no spore measurements other than those indicated by the stated 
magnifications on his drawings, but the dimensions recorded by Saceardo,® 
120-150 X 7-8 jj, fall well within the range observed by us and other workers. 

Hartig ’s drawings, particularly where he illustrates typical conidia, an 
appendage, and the characteristic dark, thick- walled resting mycelium, and 
his description of the disease on cotyledons and other parts of maple seed- 
lings, resulting in their death, indicate that his fungus is the same one con- 
sidered by the following workers: Arnaud, Prank, Osterwalder, Westerdijk 

2 Hartig, Eobert. Her Aliornkeimlingspilz, Cercospora acerina m. IJiitersiicli. Forst- 
hot. Inst. Miinelien 1: 58-61. 1880. 

s Frank, A. B. Kranklieiten der Pflanzen. Band 2. 576 i)p. Breslau. 1896. 

4 Arnaud, G. Le mildou des lilas et la maladie des cotyledons d ^erable. Bull. Soe. 
Path. Veg. France 5: 58-60. 1918, 

5 Osterwalder, A. IJeber die dureh Cercospora macrospora Osterwalder verursachte 
Blattkranklieit bei den Fensees. UMitteil. der Tlmrg. Hatiirf, Gesells,, Heft 26: 59-80. 
1924. 

6 Saecardo, F. A. Sylloge Fungorum 4: 465. 1886. 
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and van Lnijk,'^ Newliall, and ourselves. On the basis of priority, this 
fungus, with a list of known synonyms, therefore becomes : 

Ansaios^ora acerina (Hart.) n. comb. 

Cercospora acerina Hartig. 

Spoiidesmnim acerma (Hart.) Frank. 

Gercosporella acerina (Hai’t.) Arnaud. 

Cercospora macfosporu Osterwalder. 

Cercospora cari Westerdijk and van Luijk. 

Ansatospora macrospora (Ostw.) Newhall. 

—PI. N, PIansun and C. M. P\>mpkins, 
Division of Plant Pathology, University of California, Berkeley, California. 

The Gnlture Designated Madison 517 Ideritified as Polyporus tnlipi- 
fernisd—A fungus originally designated by the Forest Products Laboratory 
at Madison, Wisconsin, as Domes annosus (Fries) Cooke, and later as Madi- 
son 517, has been used extensively in the United States for more than 20 
years as one of the standard laboratory test organisms to determine relative 
toxicity of various wood preservatives, especially creosotes. Cartwright 
(see Robertson,^ p. 33) was the first to suggest that this fungus was not 
F, annosiis. From a comparison of cultures, and the evidence of a fruit 
body formed in culture, he stated that the fungus in qi^estion was Polyporus 
iulipifenis (Schw.) Overh. He did not describe the fruit body on which 
this conclusion was partially based. Cartwuught and Findlay** later stated 
that it appeared to be identical with a culture of P. hdipiferus obtained from 
Canada, and CartwrighP in a subsequent publication states, in discussing 
this fungus, ^‘in due course small fruit bodies were formed on beech blocks 
which appeared to be those of P. hdipiferus.^ ^ The fruit bodies hvere not 
described. Richards^’ compared Madison 517, P. hilipiferiis 691, and typi- 
cal cultures of F. annosus, and found that the two former had certain mor- 
phological and physiological characters in common, and differed in some 
respects from F. annosus. She considered the identity of Madison 517 to be 
uncertain. 

The writers inoculated sections of cottonwood (Popidus deltokles Marsh) 
and hackberry {Celiis Occident alis L.) with a culture of Madison 517 oh- 
tained from Dr. H. Schmitz, University Farm, St. Paul, who obtained his 
culture from Dr. Richards at the Forest Products Laboratory, and one of 
Polyporus iulipifenis isolated from a typical sporophore growing on a large 

J "Westerdijk, Joliamia, and A. van Luijk. Bine Antkraknose des Kiimmels (Carwn 
cam). Meded. Phytopatli. Lab, Willie Oommelin Sebolten Baain 8: 51-54. 1924. 

1^0* 2201, the Scientific Journal Series, Minnesota Agricultural Experiment 

2UobeHson, W. A. Eeport of the Pirector of Forest Products Eesearch for the yeav 
1935. Bep. For. Prod. Ees. Board, 1935. 1936. 

s Oartwright, K. St. G. and W. P. K. Findlay. Principal decays of softwoods used 
in Great Britain. 106 x^ages, 1938. 

^ Cartwright, K. St. G. The relation between field and laboratory work in mycology. 
Trans. Brit. Myc. Soe. 22: 222-238. 1939. 

^ AEichards, 0. Audrey. The doubtful identity of Fungus No. 517. Proe. Ainer. 
Wood-Preservers Assoc. 33 : 104-106. 1937. 
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wound of a living hackberry in St. Paul. The method of inoculation was 
that described by Darley and Christensen.® Two to five month, s later tlie 
inoculated pieces of wood were placed under a greenhouse bench at 85° F. 
and watered occasionally. When fruit bodies began to appear, ■water was 
dripped slowly but continuously on the wood pieces, and within 3 to 4 weeks 


Fig. 1. A and B. Tw6 views of the same fruit bodies. Note coneentrie arrangement 
in B. Leftj Polyporus tulipiferus; right, Madison 517. C. E:ffiise-refiexed pileus of 
Madison 517. 

tliereaftei' the fruit bodies attained their full size. The wood was inoculated 
in August, 1943, and a considerable number of fruit bodies matured in 
August, 1944. 

Maeroscopically the fruit bodies of both isolates were tj^iical of those 
formed Udipifenis in nature — resup inate to effused reflexed, 

6 Barley, Ellis F. and Clyde M. Christensen. An unusual sporophore of Trametes 
suaveoleiis produced on artificially inoculated wood. Pliytopath. 53: 328-330. 1943. 
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the upper surface white, villose, and faintly zoned, the under siii'face with 
irregular, daedaloid pores which soon broke up into concentrically arranged 
teeth (Fig. 1). Fruit bodies formed by Madison 517 were sent to Dr. L. 0, 
Overholts, Pennsylvania State College, who identified them as P. tidipifcms. 

Spore prints were obtained from fimit bodies of both isolates, and fresh 
pores and teeth were sectioned free hand, mounted in ivater, and the micro- 
scopic structures measured with the aid of a screw micrometer and an oil 
immersion lens. The average size of 60 cast spores of Madison 517 was 
2.8 X 5.2 p, with a range of 1.9-3.5 x 4.1-6.5 p, while the average size of 60 
cast spores of Polyporus hdipifenis was 2.8 x4.9 p wdth a range of 2.3~3.3 x 
3.7-6.4 p. Twenty-five basidia from each sporophore averaged 5.2 p in diam- 
eter, the range in Madison 517 being 4.7-5. 9 p and in P. tnlipiferus 4.7“5.2 p. 
C^^stidia were plentiful in the hymenia of fruit bodies of both isolates, and 
were typically encrusted, as is described for P. tnlipiferus; the eystidia pro-' 
truded up to 30 p beyond the basidia in the fruit bodies of both isolates. 
The above evidence proves conclusively that wdiat has hitherto been known 
as Madison 517 is P. tiilipiferus.—EiAjiB P. Darley, and Clyde M, Christen- 
sen, University Farm, St. Paul, Minnesota. 


MOSAIC OF THE COMMON COLEUS 


B. B. Creagek 

(Accepted for publication September 15, 1944) 

Because of tlieir colorful, variegated, and beautifully shaped leaves, 
numerous horticultural varieties of Coleus Blumei Benth. are used as orna- 
mental plants. Coleus is used extensively as a bedding plant, especially 
in parks, cemeteries, and home flower beds, and frequently as a house plant. 
Coleus is not of major importance as a commercial florists’ crop, but it does 
occupy an important place as a minor crop in the florists’ industry. 

Since it is the shape and colorful pattern of the leaf which make Coleus 
plants valuable as ornamentals, any trouble that mars the color quality, color 
pattern, or shape of the leaf seriously affects their decorative and economic 
value. Such a trouble was found in several varieties of Coleus growing in 
the Natural History Survey greenhouses in Urbana, Illinois, during the 
winter of 1941. Affected plants were off color, faded, mottled, and splotched, 
and the general brilliance and color effect of the planting was altered 
(Fig.l,A). 

Plants in which this trouble was first discovered had been obtained as 
cuttings from another greenhouse, and upon examining the source plairts 
the same disease was found. Since its discovery, the malady has been ob- 
served in a number of widely separated commercial greenhouses and outside 
plantings. Since the Coleus is propagated vegetatively by cuttings and has 
been so extensively shipped, probably the disease is widespread. 

At the outset, the symptoms and general nature of this Coleus trouble 
were suggestive of those caused by virus infection in other plants, yet no 
such disease of Coleus seems to have been reported. No reference to a virus 
disease of Coleus appears in the relatively recent compendiums on plant 
viruses by Smith (7), Holmes (5), Bawden (1), and Cook (2, 3). Price (6) 
lists Coleus Blumei Benth. as being susceptible, upon artificial inoculation, 
to viruses causing tobacco necrosis, tobacco ringspot, tomato ringspot, 
cucumber mosaic, and alfalfa mosaic, and Hildebrand (4) reports the plant 
susceptible to the tomato-ringspot virus. Both Price and Hildebrand con- 
sidered the host susceptible if the virus could be recovered from, inoculated 
plants, whether or not symptoms of infection occurred. Neither of these 
workers described the appearance of their Coleus plants following inocu- 
lation. 

In reference to the possible occurrence of a virxas disease in Coleus 
Blumei, Cook (2) stated, ‘Ht has been suggested that some of the variega- 
tions in this and other species may be due to a virus, but there is no proof.” 
In contrast to the sense of Cook’s statement, the effect of the Coleus trouble 
considered here is to alter or destroy established color patterns rather than 
to create them. 
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In allusion to the characteristic symptoms of leaf mottling', this disease 
is being called Coleus mosaic. 

VARIETIES AFFECTED 

By examination of plants growing in commercial and experimental 
plantings during the past three years, 40 varieties appear to be susceptible 
to Coleus mosaic, as indicated by symptoms. Positive symptoms of Coleus 
mosaic have been found in the following varieties ; Beauty, Beckwith Gem, 
Big Tim, Brilliancy, Centaur, Chicago Bedder, Coral, Daudet Sport, De- 
fiance Sport, Ella Cinders, Filmore Beauty, Firebrand, Pirecrest, Fire 
Flame, Eldorado, Empress of India, Green and White, Glory of Autumn, 
Gold Bound, Golden Bedder, Helen, Hollywood, Hurricane, Improved 
Hollywood, Jewel, LaVerne, Leopard, Lord Alverson, Massey, Mine. Caro- 
line Beck, Mrs. Turner, New Defiance, Rainbow, Red Verschaffelti, River- 
side, Rob Roy, Salvador, Setting Sun, Verschaifelti, and Yellow^ Jack. Cross 
inoculations, using affected plants of Beauty, Centaur, and Gold Bound as 
sources of inoculum and clones propagated from selected healthy plants of 
the Gold Bound variety as test plants, demonstrated that all three varieties 
were affected with the same disease. Prom observations and results of ex- 
perimental studies, apparently manj^ commercial varieties of Coleus are 
susceptible to Coleus mosaic. 

SYMPTOMS 

In many respects, the symptoms of Coleus mosaic resemble those ex- 
pressed in other iilants affected wdth virus diseases, but since leaves of most 
varieties of Coleus present colors, especially shades and tints of red, other 
than green, color changes in the leaves of Coleus are strikingly different from 
those seen in the green leaves of most plants. The most striking symptoms 
of Coleus mosaic are those connected with changes in foliage color. 

Since there are so many varieties of Coleus, each with its own color pat- 
tern, a description of color changes due to Coleus mosaic cannot be given 
for all of them. In some varieties the color change symptoms are clearly 
expressed, but other varieties have leaves so elaborately variegated that these 
symptoms are quite obscure or masked. Since symptoms involving color 
changes show quite clearly in the leaves of the Gold Bound variety and since 
that variety was used in transmission studies described later, this diseusssion 
of symptoms of Coleus mosaic will be restricted, for most part, to that 
variety. 

Gold Bound leaves are large and their color pattern is simple (Pig. 1, B) . 
They are deep maroon with a chartreuse green edging above and uniformly 
willow green below. When affected with mosaic, they lose their brilliance 
and their uniformly lustrous maroon upper surface becomes mottled or 
splotched with light or dark maroon, brownish, bronze, greenish, reddish, 
yellowish, and whitish areas (Pig. 2). Also, the discolored areas often as- 
sume such forms as zonal ring spots, oak leaf patterns, and irregular, zigzag, 
or hieroglyphic markings. 
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Ring spots can be dark, almost black-red or maroon in tlie center, sur- 
rounded by lighter red or maroon zones, or dull, brownish red in the center, 
surrounded by one or several light greenish lines or zones. Oak-leaf patterns 


Fig. 3. Coleus mosaic in tlie Gold Bound variety. A. Mosaicked plants sliowing 
typical mass effect of the disease on shape and color pattern of leaves. B. Healthy plants 
showing typical shape and color pattern of the leaves. 

are similar to the ring spots, in that the zigzag area across the leaf is lighter 
maroon, dull greenish red, brownish green, green, or yellow. Different zones 
of all gradations of colors can be present in one pattern. Leaves with this 
patteim are usually lighter maroon, yellowish or dull greenish red towards 
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the base and blach-red or darker maroon than normal just beyond the pat- 
tern towards the tip of the leaf. Clearing of veins, especially of the maroon 
color, is usually present in the oak-leaf pattern, the cleared veins radiating 
margin ward in the midrib and most prominent lateral veins. Vein clearing 



I’m. 2. Effect of Coleus mosaic on Gold Bound leaves. At the top, a normal leaf ; 
below it, five leaves showing oak-leaf patterns, mottling, vein-clearing, fading, and mal- 
formation. ' • ’ 

also occurs on mottled leaves, although less frequently than on those with 
the oak-leaf pattern or irregular, stellate ring spots. 

Necrotic lesions are not common, but occasionally scattered spots -g to | 
inch across occur on leaves of affected plants during the winter months and 
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early spring. These lesions can be simple spots, or they can be circular to 
stellate, zonal ring spots. The centers of ring spots can be necrotic, or of 
living green tissue, surrounded by a series of several discontinuous necrotic 
lines. The color of the necrotic tissue is blackish brov^n to black. 

Affected leaves are often puckered, asymmetric, and rugose (Fig. 2). 
Puckering and crinkling are often associated v^ith the occurrence of oak-leaf 
markings, large ring spots, and other strongly marked patterns. Frequently, 
affected leaves are stunted; occasionally, branches are markedly stunted; 
and, least often, entire plants are stunted and distorted. 

TRANSMISSION STUDIES 

Since all known plant viruses can be transmitted by grafting, the graft 
method was used to determine whether or not Coleus mosaic is caused by a 
virus. Healthy plants of the Gold Bound variety, all members of the clonal 
progenies of five healthy individuals, were used as rinderstocks, while shoots 
taken from diseased plants were used as scions. In both series of grafting 
tests, the first in January, the second in June, 1942, the cleft graft was used. 
The stock plants, which averaged approximately 8 inches in height, were 
prepared for grafting by removing the tops of the plants, 3 to 5 inches below 
the tips. Then the top of the remaining stem was split down the middle for 
about an inch. The scion, a shoot taken from a diseased plant with its base 
trimmed to a wedge, was inserted into the split of the stock and lightly 
bound in with wrapping cord. The grafted plants were kept in a shaded 
moist chamber in the greenhouse for about 7 days, until union of scion and 
stalk was established. 

The first series consisted of 28 graft-inoculated plants and a number of 
comparable check plants to which no scions were grafted. Typical symptoms 
of Coleus mosaic developed in the Gold Bound foliage of 24 of the grafted 
plants, but no symptoms appeared in the check plants. 

The second series consisted of 75 graft-inoculated plants with an equal 
number of comparable check plants, the checks being derived by rooting the 
tops of the plants to which scions were grafted. All 75 grafted plants be- 
came infected, producing typical symptoms of Coleus mosaic, and all checks 
remained healthy. 

The first indications of transmission became noticeable approximately 3 
weeks after grafting. The earliest symptoms, in most cases, appeared in 
the young leaves of lateral shoots originating just below the graft union. 
In many of the grafted plants systemic infection appeared to progress 
through two stages. These two stages were not observed in all cases, but 
when they did occur the first stage symptoms consisted of narrow, necrotic 
lines forming ring spots and other irregular markings in leaves, in tho main 
stem of the stock just below the graft, and in lateral branches of the stock 
originating near the tinion. In leaves the lines were very narrow and usu- 
ally appeared as a series of zigzag parallel lines or ring spots. These lines 
seemed to have little or no relationship with the vein structure of the leaf. 
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some crossing the veins at right angles., others crossing them diagonally, and 
still others paralleling them. These necrotic lines in leaTes nsnally did not 
develop into the marked necrotic spots which sometimes develop in plants 
in which systemic infection has been established. In stems, the zigzag lines 
wonid sometimes completely snrronnd the stem, but more frequently they 
would be restricted to one side only, these lesions occurring as single lines 
or as wave-like series of parallel, parabolic lines. Occasionally, lines in the 
stem developed into broad necrotic areas, sometimes of such an extent that 
small branches near the graft union were killed and rather frequently the 
scion was killed as a result of the complete necrosis occurring at or just 
below the graft union. Such stem lesions have not been observed in diseased 
plants found in nature and have not been observed in plants propagated as 
cuttings from graft-inoculated individuals. 

Second-stage symptoms occurred soon after the appearance of the first 
in the form of characteristic color-fading, mottling, splotching, and forma- 
tion of oak-leaf patterns and ring spots. Syinx)toms were, in general, like 
those in diseased plants from which the scions were originally taken. These 
second-stage symptoms appeared in all graft-inoculated plants which became 
infected, but were not always preceded by the first-stage symptoms. After 
they appeared, symptoms identical with those developed in the first stage 
did not continue development or I’ceur. 

The infective principle has been transmitted not only from the original 
diseased plants to healthy plants but also from graft-inoculated plants to 
healthy plants. Further, it has beeai carried repeatedly from one generation 
of plants to the next in cuttings taken both from graft-inoculated plants and 
from originally diseased individuals. The results of these studies clearly 
indicate that Coleus mosaic is caused by a transmissible virus. 

Thus far, all attempts to transmit the Colens mosaic virus mechanically 
from diseased to healthy plants have failed. Freshly expressed juice from 
infected plants, rubbed on leaves of healthy Coleus and Turkish tobacco, 
with on without the use of carborundum x)owder, gave no symptoms of infec- 
tion on either plant. Likewise, when exprCvSsed juice was injected with a 
hypodermic needle into veins, petioles, and young stems of healthy Coleus 
plants, no evidence of transmission resulted. 

Since Coleus mosaic occurs in some plantings but not in others, and since 
it has been found in many different varieties in those plantings where it 
occurs, there must be some natural method of virus transmission. When a 
block of several hundred healthy stock plantvS and a block of diseased plants 
were grown side by side in pots on a greenhouse bench, positive indications 
of transmission appeared. Three plants belonging to two different clonal 
progenies of healthy plants, adjacent to the block of diseased plants, became 
infected. Also, at the opposite end of the block of healthy plants, nine other 
plants representing clonal progenies of four healthy individuals became 
diseased. This transmission occurred only in the two restricted areas, and 
only part of the plants representing any one clone became infected. These 
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observations, coupled with the failure of attempts at mechanical transmis- 
sion, suggest that insects ma.y be the natural agents of transmission, 

SUMMARY 

Coleus mosaic, a disease causing mottling, splotches, ring spots, oak-leaf 
patterns, and hieroglyphic markings on leaves, has been found in a number 
of greenhouse and outside plantings of Coleus. 

Indications are that Coleus mosaic is widespread and that many com- 
mercial varieties of Coleus are susceptible. 

Grafting tests have clearly proven that Coleus mosaic is caused by a 
transmissible virus. 

Observations made in experimental and commercial plantings indicate 
that there is some natural means of spread of the Coleus mosaic virus. Since 
all attempts to transmit the virus mechanically have failed, it is suggested 
that insects might be vectors. 

Section of Applied Botany and Plant Pathology, 

Illinois State Natural History Survey, 

Urbana, Illinois. 
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KHIZOCTONIA NECK ROT OP GLADIOLUS 


D. B. Cei:ager 

(Accepted for puTolicatioii November 1, 1944) 

For several years a ueek rot of gladiolus has been under observation 
and study in the eommercial gladiolus-growing area of Kankakee County, 
Illinois. This disease occurs in scattered plantings being grown from 
cormels. It destroys the plants in long, continuous sections of the rows (Pig. 
1). It generally appears early in May, As the season progresses, the 
affected sections of the rows grow longer and longer, some of them reaching 
six to seven feet at the time the corms are ready for harvesting. 



FIG. 1. Grladiolus plants, Opalescent variety, affected witli Bliizoctonia neck rot, 
showing a typical section of a row in wbicli the plants have been killed; natural inoenlation. 


In the majority of plantings in which the disease has been observed, esti- 
mated losses have been less than 25 per cent, but nearly complete destruction 
of plantings of some varieties has been observed in several instances, espe- 
cially where several spots of infestation occurred in the rows within a few 
feet of each other. 

Neck rot has appeared in plantings made both on land where gladi- 
olus had not previously been grown and on land where they had been grown 
for years. Little, if any, dilference in the frequency of occurrence of the 
disease under the two conditions was observed. Severe infection w^as ob- 
served in Rewi Pallu, Picardy, Giant Nymph, Opalescent, Pearl Harbor, 
Dr. P. B. Bennett, and Flaming Sword varieties. In one planting, the 
Queen of Bremen variety showed no signs of infection although it was 
growing alongside other varieties which were severelj^ affected, indicating 
that it might be resistant to the malady. 

Infection occurs in the basal parts of the leaves (Pig. 2, B and 0), about 
one inch below the soil surface, causing lesions which are at first soft and 
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Big-. 2. Gladiolus plants, Picardy variety, affected with .Hhizoctonia neck rot; 
artificial inoculation. A. A short section of a row in which the plants adjacent to the 
point of inoculation have been killed. B. Necrotic lesions on leaf bases; a typical disin- 
tegrated, shredded leaf at left. G. Gorm lesions at points of scale attachment, giving the 
conn a horizontally striped appearance. All inoculated August 3, 1940; photographed 
October 1, 1940. 
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hydrotic, later brown and necrotic. Eventually the bases of infected leaves 
are shredded, because of disintegration of the succulent parenchyma tissue 
between the veins. Basal infection of the leaves usually causes wilting and 
ultimate death of the entire above-ground portions of the plant. However, 
when large plants become infected, only the outer leaves may be killed or the 
necrotic lesions may fail to bring about the death of the infected leaves. 

Occasionally, leaf sheaths and eorm scales on affected plants are de- 
stroyed, and long, narrow, brown lesions develop on the conns where the 
infected scales were attached (Fig. 2, C). These lesions give the eorm a 
horizontally striped appearance. When the top of the plant has been killed, 
eorm development ceases. Consequently, the earlier infection occurs the 
greater is its effect. At harvest time, one commonly finds no corms, or very 
small ones, where infection occurred early, but finds progressively larger 
corms where infection occurred at later times. 

If the dead tops are carefully lifted from the soil, a characteristic 
cobweb-like mycelial growth, to which sand and soil particles cling, is almost 
always found on them. Its presence aids in diagnosing the trouble, since 
microscopic examination and cultural studies have shown it to be the 
mycelium of the pathogen which causes the disease. 

A fungus of the genus Rhizoctonia has been consistently isolated from 
fresh lesions on affected leaf bases. Microscopic and cultural comparisons 
of this fungus with cultures of Rhizoctonia solani Kuhii isolated from pota- 
toes, poinsettia, and carnations indicate that it is at least a strain of the 
same species. 

Inoculations on plants grown in the greenhouse and on plants in the field 
have produced typical symptoms of the disease in the Picardy and Rewi 
Pallu varieties. Pieces of agar medium or barley grains, in which the 
fungus was growing in pure culture, were placed against the bases of the 
plants just below the soil surface. The first symptoms of infection appeared 
within seven days after inoculation, showing on young, plants as hydrotic 
lesions and causing sudden wilting and death of the leaves (Pig. 2, A). On 
larger, older plants symptoms appeared as large necrotic lesions in the leaves 
(Pig. 2, B). In these artificial inoculations, the pathogen spread in the row' 
from plant to plant, giving rise to dead sections in general resembling those 
seen under natural conditions. Typical lesions developed in the scale attach- 
ment areas on the corms of many of the infected plants (Pig. 2, C). 

The pathogen was readily isolated from the inoculated plants, thus com- 
pleting good evidence that neck rot of gladiolus is caused by a strain of 
sotai Kiilni. 

Section OF Applied Botany AND Plant Pathology, 

Illinois State Natural History Survey, 

Urbana, Illinois. 


SELENOPHOMA BROMIGENA LEAP SPOT ON BROMUS INERMIS* 

J . Lewi s Alli s on 
(Accepted for publication November 17, 1944) 

INTRODUCTION 

Smooth bromegrass, Bromiis inermis Leyss., has become an important 
forage and pasture grass in the North Central States since 1930. This paper 
presents work on a leaf spot disease destructive to the foliage of B. ttiermi? 
in nurseries at University Farm, St. Paul, Minnesota. Studies pertinent to 
the cultural characteristics of the causal organism have been reported by 
the writer (1, 2). 

THE DISEASE 

History, Distribution and Description 

The causal organism was identified as Septoria 'hromigena Sacc. (9). It 
was first described and named from diseased plants collected by Brenckle 
(4) in North Dakota in 1918. In studies on Septoria spp, on Grainineae in 
the Pacific Northwest Sprague and Johnson (10) have determined that spe- 
(des with nonseptate, falcate spores, borne in small globose pycnidia, with 
coarse globose peridial cells, are more logically assigned to Selenopkoma 
Maire than to Septoria Fries. Accordingly, Septoria hromigena becomes 
Selenopkoma hromigena (Sacc.) Sprague and Johnson. 

Selenopkoma was collected in many localities in Minnesota, Wisconsin, 
North and South Dakota, and Manitoba, The disease has been reported 
by Fischer et al. (8) as almost universal east of the Rockies except in the 
drier areas.’’ 

Symptoms produced by Selenopkoma on Bromns inermis are very similar 
to those caused by species of Septoria attacking other gramineous hosts. 
Soon after growth starts in the spring, oblong chlorotic lesions from 8 to 15 
mm. long appear on the lower leaves of infected plants. After about seven 
days lesions are light brown and dry at the center with a light red border. 
Numerous pycnidia appear in these dried areas after 12 to 14 days. The 
infected leaves turn yellow and often die prematurely. Severe leaf infec- 
tion frequently results in almost complete defoliation. Ordinarily infection 
occurs only on localized spots on the leaves, but under favorable environ- 
mental conditions the infected areas may coalesce and cover large portions 
of the leaf surface. At such times infection often spreads to the sheath, 
stem, rachis, panicles, and glumes. Severe attacks stunt the plants and may 
even kill them. Selenopkoma hromigena usually occurs alone on the host 
although other foliage diseases sometimes are found with leaf spot. Typical 
symptoms of leaf spot on B. inermis caused by S, hromigena are shown in 
figure 1, A. 

1 SummaTy of a tbesis presented in partial fulfillment of tlie requirements for the 
degree Doctor of Philosophy, granted by the University of Minnesota, June 1940. 

Paper No. 2189 of the Scientific Journal Series, Minnesota Agricultural Experiment 
Station. 
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Description, of the Patliogeni 

The pycnidia of Selenophoma iromigena are small, black, subepidermal, 
and globose with coarse globose peridial cells. They are 80 to 110 microns 
in diameter. The conidia are ejdindrical, hyaline, slightly guttulate, non- 
septate, and mnltinueleate. They are 3 to 3.5 by 22 to 27 microns. 

Host Eaiige of the Pathogen 

Selenophoma Iromigena has been reported by Fischer (7) on Bronms 
arvensis. This was the only report fonnd in the literature listing 8 . Ironii- 
gena on any host other than S. inermis. To gain some knowledge of the host 
range the following species of broine and other grasses as well as a few 
cereals were tested for their reaction to artificial inoculation with the 
organism : Bromus anomalus Rupr., B. arvensis L., B. hrimeformis Fiseh. 
and Mey., B, carinahis Hook, and Arn., B. ciliatiis L., B. erectus Ends., 
B. inermis Leyss., B, japoniciis Thnrb., B, laevipes Shear, B. lannginsosus 
Bair,. B, mac 7 ^ostachys L., B, madritensis h,, B. marginatus Nees., B. mollis 
L., B. polyanthns Scribn., B, racemosns L., B. ingidus Rothj B, -rnhens L., 
B. seealimis L,, B. iectonim L., B, vulgaris (Hook) Shear, Agropyron cm* 
tatum (h,) Gaerth, A. inerme (Seribn. and Smith) Ryhd., A, h^achycaulum 
(Link) Malte, A, repens (L.) Beanv., A. SmitMi (Pnrsh) Seribn. and Smith, 
Elymus canadensis L., E, glaucus BnekL, Sordeum juhaium L., E. nodosum 
L., Poa compressa h., P. pratensis L., Sitanion hystrix (Nutt) J. G. Smith, 
Hordeum vulgarc L., baidey varieties Glabron and Velvet, Avena saiiva L., 
oat varieties Bond and Victoria, Secale cereale L., rye variety Rosen, and 
Triiicuni vulgare Vill, wheat varieties Marqnis and Thatcher. 

Inoculations were made in the greenhouse and in the field on young seed- 
ling plants and again on the same plants at about heading time by atomizing 
the foliage with conidial suspensions of the organism. Potted plants were 
inoculated, placed in a moist chamber for four days and then removed to a 
greenhouse held at approximately 65° F. Field plots were covered with 
muslin cages that were kept wet for four days following inoculation, and the 
muslin was then removed. Inoculations were made duidng cool, cloudy 
weather when the temperature did not exceed 70° F. 

In these experiments Bromus inermis was the only host that became 
infected and developed lesions producing mature pycnidia. 

Survival of the Pathogen 

Septoria in leaf spots on cereals and forage grasses has been reported 
by Weber (11) to survive the winters by means of conidia retained in mature 
pycnidia. To determine how long the conidia of Selenophoma hromigena 
remain viable, dried foliage bearing many matnre pycnidia was placed out- 
of-doors in a dry place. Germination of conidia was tested monthly. The 
rate of germination varied only slightly from month to month and a high 
percentage of conidia were still viable when the test terminated after 18 
months. When mature pycnidia were placed in water drops on microscope 
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slides, coiiidia exuded in a gelatinous matrix, which fixed the conidia to 
the slides when dry. Conidia remained viable for six months on slides 
stored at 5° C, but less than one month at room temi^erature. Under natu- 
ral conditions it is unlikely that conidia would be retained within their 
gelatinous matrix for long periods and the chances of their surviving vari- 
able weather conditions would be slight unless they remained inclosed in a 
pycnidium. 

Dissemination of Inoculum 

Many pyenidia dropped from mature lesions when the infected parts of 
the plant became dry and brittle. To determine if these pyenidia, free 
from plant material, were disseminated by the wind, microscope slides were 
coated with a thin film of vaseline and exposed on wind vanes at various 
distances from centers of heavy infection. Many pyenidia were collected 
on slides exposed one-half mile from any known infected plants, and it is 
probable that the pyenidia may be carried greater distances, accounting for 
3nueh spread of the disease. Pyenidia and conidia are also splashed about 
by rain which accounts for local spread of the disease. The pyenidia may 
be seed borne in eases following severe infection when the fungus fructifies 
on the glumes, as SelenopJioma hromigena has been isolated from such seed. 
The caryopsis of Bromus inermis i^ enclosed in the lemma and palea in com- 
mercially threshed seed and although floral bract infection is the exception 
rather than the rule it seems probable that the fungus is carried from one 
region to another in seed lots. 

Germination of Conidia 

Tests were made to determine the relationship of temperature to conidial 
germination and germ-tube elongation. Pyenidia scraped from natural 
lesions and from agar cultures were washed into tubes of sterile distilled 
water. Conidia were exuded from the pyenidia in large numbers. Drops 
of the conidial suspensions thus secured were transferred with a wire loop 
to cover slips inverted over van Tieghem cells in Petri dishes. A selected 
standard loop was used to transfer all drops to insure uniform size. The 
hanging drops of conidial suspensions were then incubated at temperatures 
ranging from 5° to 35° C. At regular intervals, 100 conidia were selected 
at random near the peripheiy of each drop and the germination was ob- 
served. The minimum temperature for conidial germination in distilled 
water was between 3° and 5°, the optimum between 19° and 22°, and the 
maximum between 30° and 35° C. 

Above 30° and below 5° 0., the germ tubes formed by conidia in water 
were very short and knotted. They often ruptured and extruded their 
protoplasm into the water drop. A similar phenomenon was reported by 
Caldwell (5) in germination studies of 

Conidia placed on the surface of drops of water agar inverted over van 
Tieghem cells and incubated at the optimum temperature, germinated after 
12 hours. The conidia usually produced germ tubes from each end, or 
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occasionally from one end, and the original, spore remained recognizable 
for some time. Darley (6) reported that conidia of Selenophoma Iromigena 
germinated on nutrient media form septate hyphal segments very early 
in the process of germination. 

To determine if light was necessary for germination, suspensions of 
conidia in hanging drops were placed in complete darkness. Conidia ger- 
minated as readily in complete darkness as in daylight. Conidia were 
placed in varying dilutions of extracts made from leaves of susceptible and 
resistant brome plants but none of the extracts tried aifected either the time 
required for germination or the final percentage of conidia that germinated. 

PATHOLOGICAL HISTOLOGY 

The relationship of Selenoplioma bromigena to the host tissues and the 
development of the disease was studied microscopically, using leaves of 
Bromus imrmis naturally infected in the field and infected as a result of 
artificial inoculation in the greenhouse. Stages in the development of the 
disease were followed from penetration of the host to the complete break- 
down of the leaf tissue and fructification of the pathogen. Germination 
of conidia, formation of appressoria, and penetration of the cuticle were 
studied in segments of whole leaves cleared in acetic alcohol and stained 
with methyl blue. The conidia and germ tubes were heavily stained whihj 
the host tissue remained clear. 

Penetration was observed through both upper and lower surfaces of the 
leaf, but more infection occurred on the upper surface. Conidial germ tubes 
were never observed to penetrate the leaf through the stomata. In fact, 
germ tubes were observed growing acros>s stomata to form appressoria else- 
where on the epidermal wall. The germ tubes formed small rounded struc- 
tures at their ends and these functioned as appressoria. The cuticle was 
penetrated within 48 hours. The penetrating hyphae ramified through the 
subcuticular region and between the cells of the epidermis. The outer epi- 
dermal wall collapsed first, then followed breakdown of the entire epidermal 
cell. The mycelium then began to grow intercellularly into the mesophyll 
from the stroma that had been formed. Mesophyll cells broke down rap- 
idly, often slightly in advance of the invading mycelium. 

The earliest evidence of infection appeared 7 to 8 days after inoculation, 
when chlorotic areas were noted at the points of infection. The time re- 
quired for reproduction of the pathogen, from inoculation to formation of 
pycnidia containing mature conidia, was from 12 to 15 days. 

Fructification occurred after the complete breakdown of the leaf tissue 
in the infected spot. During the invasion and breakdown of the mesophyll 
the subcuticular mycelium developed rapidly and foi^med a stroma several 
cells thick beneath the ruptured cuticle. The pycnidia were formed super- 
ficially among the cells of the stroma after the myeelinm had advanced into 
the mesophyll. Pycnidia were abundant in the central and completely 
collapsed area of the leaf spot. The fungus did not grow through the leaf 
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to fruit on the opposite surface. Fruetificatioii on both surfaces of a given 
leaf area occurred apparently onl}^ when separate infections developed on 
opposite sides of the leaf. 

FACTORS AFFECTING DISEASE DEVELOPMENT 

The Selenophoma leaf spot appeared early each spring. Heavily in- 
fected leaves of Bromus inermis with lesions bearing newly formed mature 
pycnidia were collected from nursery rows on March 15, 1938, at St. Paul. 
The disease developed rapidly during April, May, and early June. During 
the summer there were relatively few leaf spots, but many appeared during 
September and October. 

In controlled tests the optimum temperature and humidity relationship 
for infection and development of the disease were determined. The opti- 
mum temperature ranged between 15° and 25° C. A film of water on leaves 
at the time of infection and continued high humidity favored rapid develop- 
ment. Above 28° or below 8° C. only slight infection resulted from artificial 
moculatmn, and the development of the disease was noticeably checked when 
the temperature rose above 30° C. Thus cool, moist conditions were neces- 
sary for infection, rapid development, and spread of the disease. 

m- . 

PHYSIOLOGIC SPECIALIZATION 

Moiioconidial cultures of Selenophoma bromigena isolated from diseased 
smooth brome plants collected from various regions in Minnesota were tested 
for pathogenic differences. Seedling and adult plants from seed of open- 
pollinated and selfed lines of Bromus inermis were artificially inoculated. 
One culture caused severe infection on seedling and adult plants from open- 
IDollinated lines whereas the cultures from the other regions, although patho- 
genic, caused much less infection. The culture that was most pathogenic 
on open-pollinated lines was also pathogenic on selfed lines which were 
resistant to the other cultures. 

These results indicate that at least two pathogenically specialized races 
of Selenophoma bromigena exist in nature. Differentially parasitic races 
in the genus Septoria have been reported by Beach (3), but this is the first 
known record of physiologic races in the genus Selenophoma. 

Culture Study 

Several hundred monosporous oi Selenophoma bromigena were 

cultured during this investigation. Single conidia were isolated by means 
of a micro-manipulator. Each conidium was placed on a small sterile drop 
of potato-dextrose agar on the lower surface of a cover slip mounted on a 
van Tieghem cell. When germinated, usually within 48 hours, each isolate 
was transferred to a 125-ce. Erlenmeyer flask containing 30 cc. of potato- 
dextrose agar (390 g, potatoes, 20 g. dextrose and 15 g. agar per liter). 

When cultures were grown at temperatures ranging from 5° to 30° C. 
the optimum for growth of the fungus was between 20° and 25° C. As this 
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range approximates room temperature all later culture studies were at room 
temperature. 

All cultures produced aerial mycelium sparingly and growth consisted 
of intertwining mycelium which formed tough, leathery mycelial mats that 
often became rough and convoluted. Pycnidia first appeared in the central 
part of the mat after 15 to 20 days and gradually formed over the entire 


Pig. 1. Selenophoma hromigena. A. Typical lesions sliowing pycnidia on blades of 
smooth bromegrass. B. A monosporous culture showing the development of a mycelial 
variant. 0. A morphologically distinct variant produced by a monosporous culture. 

mycelial surface. Conidia were abundant. All cultures produced water- 
soluble pigments that diffused into the medium in advance of marginal 
mycelial growth. The perfect stage was not produced in culture. 

Monosporous cultures were much the same in their general morphology, 
although there appeared to be some geographic relationship in cultural 
characteristics among isolates Taken from specimens collected at specific 
localities. This phenomenon has been desmThprl W 





1945] Allison: Selenophoma on Bkomus 239 

Occasional cultures varied considerably in tbeir general morpliology and 
could easily be distinguished from the ordinary type of culture. Fan- 
shaped patches or sectors, which lacked pycnidia, characterized these cul- 
tures (Fig. IB). Mycelial subtransfers, made by cutting small bits of 
mycelium from the margins of sectors, were placed on flasks of potato-dex- 
trose agar. Each subtransfer developed the characteristics of the variant 
from tvhich it was taken. Variant subtransfers produced no pycnidia or 
conidia and could only be perpetuated by mycelial transfer. Morphologi- 
cally distinct variants were often obtained from diiferent monosporous 
cultures (Fig. 1 C). Variants remained stable through repeated sub trans- 
fer on potato-dextrose agar for over two years. 

Variant cultures were nonpathogeiiic. As no spore form was produced 
by the variant cultures, mycelial mats -were macerated and hypodermically 
injected into the leaf curls of known susceptible smooth brome plants but 
no infection was obtained. When plants were inoculated with a conidial 
suspension of Selenophoma Iromigena by this method excellent infection 
resulted. 

summary 

Selenophoma hromigena causes a leaf spot on Bromns inermis. The dis- 
ease is general in its distribution, appearing wherever smooth brome is 
grown. The fungus appears to be specific in attack, producing disease symp- 
toms only on B. inermis of the many brome species. Other grasses and cul- 
tivated cereals were not infected in artificial inoculation trials. The disease 
is most prevalent during the spring and develops best in moist, cook weather. 
No perfect stage of the fungus has been found. The fungus apparently 
overwinters in the pycnidial stage. Penetration of the host tissues is dii’ect. 
The fungus is disseminated by the wind and rain and by infected seed. 
Smooth brome plants resistant to the fungus are common, and selection and 
breeding present a desirable means of control. Specialized races of the f un- 
gus exist in nature, as two distinct parasitic races were isolated. 

Monosporous isolates of Selenophoma hr omigena best on potato- 

dextrose agar between 20° and 25° C. and were uniform in their cultural 
characteristics. Occasional cultures produced sectors or variants. Vari- 
ants did not produce pycnidia or conidia and could only be perpetuated by 
mycelial subtransfers. Variants were stable in culture, remaining constant 
for two years through repeated subtransfer. Variant type cultures were 
nonpathogenic. 

Agricultural Experiment Station, 

Madison, Wisconsin. 
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THE BROWN LEAP SPOT ON BROMUS INERMIS 
CAUSED BY PYRENOPHORA BROMP 

D . W. Chamberlain- anl J. Leivis Allison'^ 
(Accepted for publication November 17, 1944) 

INTRODUCTION 

A brown leaf spot was observed in tbe spring of 1941 on smooth brome- 
(Bromiis inermis Leyss,) in the grass nurseries at the Wisconsin Agri- 
cnltnral Experiment Station at Madison. This paper presents a study of 
the life history of the causal organism, its relationship to the host and the 
factors influencing the development of the disease. 

THE DISEASE 
History 

The causal organism was identified as Pyrenopikora hromi (Died.) 
Drechsler {Helminthospormm hromi Died.). The first description of the 
disease is in Diedicke’s (1) report from Germany in 1902. He described 
the fungus as a parasite on Bromus asper Murr., believing it to be a biologi- 
cal species of Helminihosporium grammeum Rab. Later (2) he recognized 
it as a distinct species, H. hromi, m.di also described the ascigerous stage as 
Pleospora hromi on the same host. Krieger^ collected PI. hromi on Bromm 
mermis Leyss. 

Drechsler (3) contributed morphological details by which Helmintho- 
sporium bromv could be distinguished from H. teres Sace., a distinction not 
previously made by Diedicke whose conidial measurements rendered the 
two species indistinguishable. Drechsler also transferred the ascigerous 
stage to the genus, Pyrenophora- Pr., which has bristles on the perithecium, 
distinguishing it from Pleospora Rab. which has a smooth perithecium. 
While the former genus has not been accepted universally, the distinction 
has been recognized as valid by Saccardo (6) and Lindau (4) . Accordingly, 
the causal organism will be termed Pyrenophora hromi (Died.) Drechsler 
throughout this paper. 

Symptoms 

The symptoms of the disease are essentially those described by Diedicke 
and corroborated by Drechsler. Minute, dark brown, scattered specks 
appear on the young leaf blades. A yellow halo gradually develops around 
each spot. Both the central spot and the surrounding halo increase in size, 

1 Cooperative investigations of the Wiseonsin Agricultural Experiment Station and 
tlie Division of Forage Crops and Diseases, Bureau of Plant Industry, Soils and Agricul- 
tural Engineering, Agricultural Eesearch Administration, IT. S. Dept, of Agriculture. 
Published with the approval of the Wisconsin Agricultural Experiment Station. 

2 Formerly Eeseaxch Assistant in Plant Pathology, University of Wisconsin. 

3 Associate Pathologist, Division of Forage Crops and Diseases, and Assistant Pro- 
fessor of Plant Pathology, University of Wisconsin. 

4 Krieger, W. Fungi Saxoniei. No. 1941 HelmintJiosporiim hromi Died. (Exsiccati). 
1903,1905. 


241 


242 


Phytopathology 


[VoL. 35 


especially longitudinally, and coalescing lesions frequently form large, yel- 
lowed patches on the leaf (Pig. 1, left). These symptoms are followed by 
a general yellowing of the leaf from the tip downward until the entire leaf 
withers. Conidiophores may be produced on dr near the individual brown 
spots or generally over the surface of the withered leaf. 

Although Pyrenophora hromi usually occurs alone on Bromus inermis, it 
is sometimes found with other pathogens. 



Fig* 1. JPyrenopliora hromi. Left. Typical symptoms on Bromus inermis. Eight. 
Perithecial initials produced on potato-dextrose agar, seen from the under side of the 
Petri dish. Photographs by Eugene Herrling. 

Description 

The conidia produced by Pyrenophora iromi were described by Diedicke, 
whose description was later revised by Drechsler. In his original report 
from Germany, Diedicke stated that the conidia of the fungus measured 
108-150 jj X 13-20 [j, with 4-6 septa. Working with material collected at 
Madison, Wisconsin, Drechsler was unable to substantiate these measure- 
ments. He found that conidia measured 45-265 |j x 14-26 p, with 1-10 
septa, and that the contour of the basal cell was heiniellipsoidal. 

Conidial measurements made by the writers agreed substantially with 
those of Drechsler. Typical conidia from host plants in the field and from 
potato-dextrose-agar cultures varied from 57 to 201 p in length, and from 
13 to 19 p in diameter. Under certain conditions, however, the fungus pro- 
duced much larger conidia. When diseased leaves were removed from 
plants and maintained for 2 or 3 days in a Petri-dish moist chamber, conidia 
of atypical length, measuring as much as 400 p, were produced. 
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According to Drechsler the mature peritheeium is a dark brown subglo- 
bose body 0.3-0.4 mm. in diameter and embedded in the leaf tissue, and it 
has an irregular ostiolar beak wdiich protrudes above the broken epidermis 
of the leaf. A variable number of septate, sterile bristles were observed 
near the tip of the ostiolar beak. The ascus was described as having a short 
stipe at the base and a characteristic ring-like thickening at the apex, with 
the light brown ascospores borne in distichous arrangement in the granular 
epiplasm. The ascospores, uniformly divided by 3 transverse septa, mea- 
sured 20-30 p X 45-72 jj. 

Little could be added to this description except in the way of confirma- 
tion, Asci were from 190 to 300 p long, and from 36 to 60 p wide. Asco- 
sporic measurements were 48-77 p x 22-30 p. The segments of the ascospore 
were commonly divided by one or tw^o longitudinal septations, and a gelati- 
nous matrix surrounded each spore after discharge from the ascus. 

HOST RANGE OP THE PATHOGEN 

Pyrenophora 'hromi has been reported as attacking oiilj Bromus inermis 
in North America. Host range studies made during this investigation in- 
cluded 6 grasses and 4 cereals common to Wisconsin ; quackgrass (Agro- 
pyron repens (L.) Beauv.), redtop {Agrosiis alha L.), smooth bromegrass 
(Bromtcs inermis Leyss.), timothy {Phleum pratense L.), Canada bluegrass 
(Poa compressa L.), Kentucky bluegrass (Poa pratensis L.), barley (Eor- 
deicm vnlgare L.), oats (Avena sativa L.), rye (Secale cereale L.), and wheat 
{Triticum vulgare VilL). Tests were made in the greenhouse with seedling 
plants, each species receiving 4 inoculations with ascospores of Pyrenophora 
'bromi. The plants were held in a moist chamber for 4 days, until B. inermis 
developed typical brown-spot lesions, and then were incubated for another 7 
days on the greenhouse bench. 

Only Bromns inermis developed typical brown-spot symptoms and pro- 
duced lesions from which the fungus could be reisolated. Inbred lines of 
Bromus inermis differed in reaction to brown spot. Some lines were com- 
pletely susceptible to the disease while others were highly resistant. 

OVERWINTERING OP THE PATHOGEN 

Perithecia appear to be the only means of overwintering the fungus in 
Wisconsin. These structures are abundant in the leaf tissue, becoming 
macroseopically visible as early as June 4 at Madison. Although perithecial 
development was studied continuously through the summer and fall, no 
asci were ever found delimited during the current season. The low tem- 
peratures of late fall and winter are necessary for maturation of the peri- 
theeia. During the subsequent spring mature asci can be found in the 
perithecia on overwintered leaf material lying on the ground. 

In order to cheek these observations, dined leaves containing immature 
perithecia were collected and divided into 3 lots. One lot was kept dry at 
20° 0., the second was dry at 10° C., while the third w^as on moist filter 



Phytopathology 


[VoL. 35 


paper at 10° C. After 3 months, perithecia from all 3 lots were crushed 
and examined for ascospores. The importance of low temperature and 
moisture was emphasized by the results : ascospores were found only in the 
third lot, maintained at 10° C. and supplied with moisture. 

Experiments were made to determine other possible means of overwin- 
tering the fungus. Heavily infected plants on which no perithecial initials 
had dweloped were removed from the nursery and potted early in Novem- 
ber. These plants were allowed to freeze and were held out-of-doors 
throughout the winter. In early April, dried leaves were collected from 
them, surface-sterilized in a 1 to 10 solution of sodium hypochlorite for 
varying intervals, and plated on potato-dextrose agar to determine the pos- 
sibility of mycelium overwintering in the leaf tissues. Pyrenophora bromi 
was never recovered in any of these platings. When the overwintered 

nLTeZLT*'' " 

conidia on glass slides were held out-of-doors at 15-20° F. 
ays. e slides were then moistened and incubated at 20° C but 
noim of the eonidia germinated. Evidently the thin-walled conidia cannot 
suivivG tlie wiiiter in Wisconsin. 

LONGEVITY OF SPORES 

of the importance of the aseigerous and the imperfect staons 

of the fungus, it seemed advisable to determine the comparative lono-evitv 

queuflr ctidk'n 7 Semination was tested each snbae^ 

1^1 I dried leaves remained viable for a maximmn of 

1 1 days after storage in the laboratory. Conidia that were mounted in water 
on glass slides, allowed to dry, and stored in the laboratory remained viabte 

iiVf" ' - -i-"- 

ehdStd sZ^ 

dryin, L 

wSXmi S:ar“ “L^e^d 

SPORE germination 

for each, however, differed by 8° C "" form. The optimum 

incontroltedtemptrXw77ete7t7rA were placed 

.n mounts were^observe^^er.^ 
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geriiiinated at 0° or 36° C. witliin 20 hours. The optimum temperature 
for aseospore germination, based on the number and length of germ tubes, 
was 20° C. and germination began within 2 hours. The optimum for eonidia 
was 28° C. with germination beginning within 2 hours. Germination of 
both spore forms was equally good in light or darkness. 

DISSEMINATION OP INOCULUM 

Aseospores are discharged readily from the perithecium in the presence 
of moisture and may be further distributed by wind, as indicated by spore- 
trapping experiments. Glass slides, with approximately 9 sq. cm. of sur- 
face covered with a thin film of vaseline, were mounted in centers of infec- 
tion at the level of developing brome blades (approximately 3-6 inches) 
during the last week in April and the first week in May, 1942. Slides were 
replaced and examined each day. Slides exposed for 24 hours following 
rainfall had from 7 to 10 aseospores per slide, while slides exposed 40 hours 
after rainfall had no spores. 

Conidia apparently play a minor role in the spread of the disease during 
periods favorable for spore production. Conidial production at Madison is 
extremely vsparse over the growing season of the host, occurring only during 
cool, wet periods. In spite of constant search for sporiilating material dur- 
ing two years, the only eonidia found in any abundance were collected 
during October, 1942. In the spore-trapping experiments, few conidia were 
caught; the maximum number ever obtained on a single slide was 3. 

Since some members of the Helminthosporium are known to be 

seed-borne, this possibility was tested in the case of Pyrenophora Iromi. 
Seeds were collected from the panicles of heavily infected plants and at 
one-month intervals for six months were plated on potato-dextrose agar. 
Although this experiment was repeated with 6 different lots of seeds, P. 
Iromi was not recovered in any of the platings. 

PATHOLOGICAL HISTOLOGY 

In studies of fungus-host relationships, portions of the leaf were cleared 
for 48 hours in a mixture consisting of equal proportions of acetic acid and 
absolute alcohol. Cotton blue and lacto-phenol were satisfactory for stain- 
ing and mounting these preparations and were especially good for demon- 
strating early stages of infection. In studying older lesions, well-pressed 
leaf specimens could be sectioned dry with the aid of a sharp razor blade 
and mounted directly in cotton blue diluted with lacto-phenol. The fungus 
in the host tissues stains a deep blue, while little if any of the stain is taken 
up by the leaf cells. 

To determine the method of penetration, plants were sprayed with asco- 
sporic inoculum and incubated in a moist chamber. Bach day thereafter, 
leaves were removed from these plants, cleared, stained, and examined micro- 
scopically. 

The organism enters the host by direct penetration of the epidermal cells. 
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The germ tube from the ascospore grows over the leaf surface and produces 
an appressorium at its tip. The infection peg penetrates the epidermal cell 
directly through the uninjured cuticle. No evidence of stomatal penetra- 
tion was ever encountered, the germ tubes frequently passing over and be- 
yond stomata to form appressoria elsewhere on the leaf surface. 

After penetration, the fungus establishes itself in the intercellular spaces 
of the epidermal and mesophyll tissues and ramifies freely between the meso- 
phyll cells. The epidermal cells Qollapse soon after invasion and within 3 
days the mesophyll cells collapse and turn brown. At this time the lesion 
is maeroseopieally visible as a small brown spot surrounded by a water- 
soaked area. The progress of the fungus is somewhat limited by the vas- 
cular bundles, accounting for the elongate contour which is typical of most 
well-developed lesions. Browning and collapse of the cells progress from 
the upper to the lower leaf-epidermis so that the lesion is visible from be- 
neath the leaf 4 days after inoculation. Conidiophores emerge singly or in 
pairs between the upper epidermal cells, usually after the leaf has withered. 

Peritheeia are formed in the mesophyll, the leaf tissues becomino- dis- 
tended as the initials are formed. Further growth of the perithecium rup- 
tures the leaf epidermis, exposing the beak. 

FACTORS AFFECTING DISEASE DEVELOPMENT 

Like most of the leaf-spot diseases of smooth bromegrass, brown spot is 
favored by cool weather and abundant moisture. Its most destructive phase 
appears during the spring and reaches a peak about the first of June in 
Wisconsin. Through the hot, dry portion of the summer there is relatively 
httle. If any, spread of the disease. Eain is necessary for aseosporic dis- 
charge and spore germination. Cloudy periods lasting for several days 

wi intermittent rainfall, are especially conducive to new outbreaks of 
anreetion. 

These observations were corroborated by controlled experiments per- 
formed in the greenhouse. Inoculated plants growing in pots were held 
under moist-chambers for 3 days at 4”, 16°, 20°, 24°, and 28° C. Duplicate 
lots of plants for each treatment were used in 4 different trials. Three davs 
a er inoculation the moist chambers were removed and the lesions allowed 
to develop for another three days. On the basis of the number of lesions 

be™fnT6° and?0° developed best 

Detween lb and 20 C. No lesions developed at 4° C. Moisture eithpr in 

_ le orm of a continuous film or a high air humidity, was necessary because 

m parallel experiments without moist-chamber treatment or a film of water 

after inoculation no infection occurred* 

^LIFE HISTORY OF THE ORGANISM IN RELATION TO DISEASE DEVELOPMENT 

From the standpoint of disease development, the aseigerous stage is the 
most important one in the life history of TyrenopUra Lmi. tc 
can be found very early in the spring in overwintered peritheeia formed 
the p,e™„e peritheeia provide the abaXt 
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inoculum and also remain as potential sources of inoculum tlirougliout the 
spring. 

Conidia are borne on the initial lesions or, more frequently, on the dis- 
colored tips of infected leaves during periods of cool weather and high 
humidity. Although they cause some infections, conidia are produced so 
infrequently and in such sparse quantities that they are of less importance 
in the disease cycle than ascospores. The conidia are short-lived and do not 
survive the winter in "Wisconsin. 

Perithecia are formed in the leaves during the summer but do not pro- 
duce mature ascospores until the following spring. Thus Pyrenophora 
hromi requires one year to complete its life cycle, 

CULTURAL STUDIES 

Growth of the fungus was slow on all artificial media. A number of 
media were tried, but none was superior to potato-dextrose agar composed 
of 200 grams of peeled potatoes, 25 grams of agar, and 20 grams of dextrose 
per liter of distilled water. 

According to Dreehsler, cultures derived from conidia differed in no way 
from those derived from ascospores, and the appearance of black selerotial 
bodies within 12 days characterized the growth of the fungus on agar. Re- 
peated inonosporous cultures of both conidia and ascospores made during 
this investigation verified these statements. The black selerotial bodies, 
actually peritheeial initials, become visible on the underside of the culture 
within 8-9 days after isolation (Pig. 1, right). 

On potato-dextrose agar the fungus is at first white and fuzzy, later 
becoming gray to buff. The aerial growth is short. A culture 20-30 days 
old usually appears as a rough disc, with a raised periphery and a somewhat 
sunken central portion, covering approximately three-quarters of a Petri 
dish. The fungus appears to be stable on potato-dextrose agar, since no 
sectoring Avas observed. 

In an effort to induce the production of conidia, always extremely sparse 
on agar, cultures ot Pyrenophora hromi growing on potato-dextrose agar 
Avere exposed to continuous fluorescent light for 5-7 days. Some increase 
in sporulation was noted, and cultivation of the fungus on vegetable agar 
(5) accomplished the same result, although neither of these treatments 
resulted in what might be termed abundant conidial production as judged 
by any fungus that sporulates well in culture. 

Since there is no record of the production of the ascigerous stage of 
Pyrenophora hromi on artificial media, various treatments Avere applied to 
cultures in an attempt to bring the perithecia to maturity. Subjecting cul- 
tures 3 to 4 weeks old to low temperatures for 3 months resulted in the pro- 
duction of mature ascospores which readily produced the characteristic 
disease symptoms when transferred to susceptible plants. As a control, 
several cultures were kept at laboratory temperature but no ascospores AAm^e 
produced. 
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^ Peritheem formed ia culture do not discharge their contents readily, 
ihe asei, being tough and elastic, are very difScult to rupture. Ascospores 
germinate readily within the aseus, however, and produce infection on sus- 
ceptible plants. Asci and ascospores produced in culture differ in no respect 
rom those formed in nature on leaf-tissue, except that the spores formed 
m culture are at times almost hyaline. The perithecia on potato-dextrose 
agar are not always similar in shape to those on the host leaf, but the nro- 
duetion of bristles on the perithecium is consistent. Not all asei within a 
single perithecium mature at the same time, and all stages of development 
brSund itndehmited to those containing 8 mature spores, may 

In order to determine the range of temperatures at which asei mature 
eultmes that had been grown for 3 weeks at laboratory temperature wer» 
incubated at 4 , 8°, 10°, 12°, and 20° C. for 3 months. No ascospores were 

produced at temperatures above 12° C p e 

Pyrenofkom Ircmi is homothaUic, 'since peritheda bearins mataie asd 
. nd ascospores were prodnced m smgle-aseospore cultures. 

summary 

tified\7?'"^ organism of the brown leaf spot on Bromus inernis was iden- 
tified ^s Pyrenophora hrom^.. Host range studies demonstrated that the 
nngus IS specific to 5. inerrms. There are indications of difference! in 1 
ease reaction among inbred lines of B. inermis in Wisconsin 

Pyrenophora hromi overwinters in the peritheeial stage. Ascospores are 

produced^TsL" 

32° r th f- germinated at temperatures ranging from 4° to 

couidll 28. a 20“ C. id it i 

The fungus is homothallic. The ascigerous stage was produced reneat 

poric cultures to L teiiil X d 

of t . discs, is farored by coo, weir i 

Agricultural Experiment Station^ 

Madison^ 'Wisconsin. 
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ALTERNARIA EICINI (YOSHII) HANSFOED, THE CAUSE OP 
A SEEIOUS DISEASE OF THE CASTOE-BEAN PLANT 
(EICINUS COMMUNIS L.) IN THE UNITED STATES 

E. C. Stevenson^ 

(Accepted for publication November 20, 1944) 

INTRODUCTION 

Castor oil is used in tlie production of paints, varnishes, textiles, leather, 
hydraulic fluids, soap, medicine, linoleum, printing ink, lubricants, and many 
miscellaneous products. 

AVith the entrance of the United States into World A7ar II, imports of 
castor beans and oil were seriously curtailed, while at the same time demand 
for these materials increased. Domestic production of castor beans was im- 
mediately contemplated but no quantity of reliable seed-stocks was avail- 
able, consequently variety tests and seed-increase programs were begun by 
the United States Department of Agriculture. 

In the course of a variety and adaptation test at the Plant Industry Sta- 
tion, Beltsville, Maryland, in 1942, a fungus of the genus AUernaria was 
found fruiting extensively on ripe capsules of the castor-bean plant. Since 
the racemes were mature when this fungus was first noted, the organism 
was thought to be a saprophyte or an extremely weak parasite. However, 
during the seasons of 1943 and 1944 the same fungus caused serious damage 
to the seedlings, inflorescences, and leaves of the castor-bean plant. 

Other workers have previously encountered species ot AUernaria and 
Macrosporium on the castor-bean plant. Cooke (5) described M. compac- 
him on mature stems of plants in Texas. Dastur (6) and Chibber (4) 
observed an Alternaria leaf spot in India. Parisi (12) described M. cavarae 
causing a leaf spot and seedling disease in Italy. Tropova (13) reported 
i¥. cavarae on the leaves, M, nigricans Atk.^ on the racemes and A. 
tennis Nees on the stems of plants in Russia. Tropova (14) again re- 
ported i¥. cavarae on the leaves in Eussia; Kvashnina (9) reported Jf. 
cavarae on the cotyledons, leaves, and racemes in Eussia. Yoshii (16) 
described a leaf spot in Korea and Japan and demonstrated by inoculation 
experiments that the causal organism was a species of Macrosporium which 
he named ilf. ricini. Baldacci (2) isolated M. cavarae from seed apexes in 
Italy and attributed leaf -spotting to this organism. Golovin (7)^ reported 
M. cavarae on the leaves, racemes, and capsules and A. te7i%iis on the stems 
of castor-bean plants in Eussia. Bitancourt (3) found species ot AUernaria 
causing leaf spots in Brazil. Weiss (15) reported species of AUernaria 

1 Associate Plant Patbologist, Division of Drug and Related Plants, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Research Administration, 
United States Department of Agriculture, Beltsville, Maryland- Acknowledgment is 
made of assistance given by J. A. Stevenson, Edith K. Cash, and Jessie Wood of the 
Division of Mycology and Disease Survey, Bureau of Plant Industry, Soils, and Agricul- 
tural Engineering, Agricultural Research Administration. 

2 The binomial as given by Atkinson is M. nigncaninm. 
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associated with leaf spots in Florida, Louisiana, and Texas, and A. irassicae 
(Berk.) Saee. causing a leaf spot in New York. McClellan (10) reported 
A. compacta (Cke.) McClellan attacking castor-bean seedlings in the green- 
house. Hansford (8) changed the designation of Macrosporium ricini to 
Altermria ricini. 

SYMPTOMATOLOGY 

Seedlings. The condition of Alternaria-diseased seedlings can be best 
described as a die-back or blight. The cotyledons are stunted, spotted, and 
malformed. If the infection is extensive, the seedling dies but if only the 


Fw. 1. Alternaria ricini on the racemes of Sioinus communis (variety U. S. No. 4). 
Left to right, normal raceme, partially affected raceme, and heavily affected raceme. 

tips of the cotyledons are affected the seedling survives but its groAvth is re- 
tarded. Often the spores of the causal organism can be found on the surface 
of injured cotyledons. 

Inflorescences. The first infections of the infloreseences seem to be con- 
fined to capsules which have attained half or more of their ultimate size. 
Two types of symptoms can be found. In the first the capsules wilt sud- 
denly, turn purple or dark brown (depending on the host variety), the 
pedicels collapse, the seed is usually poorly filled, and normal dehiscence 
fails to take place (Fig. 1). In the second type of infection a sunken area 
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develops on one side of the capsnle and this area enlarges nntil the whole 
capsule becomes involved. In this case poorly-filled seed is not x>revalent 
and no great interference with dehiscence oecnrs. , As the disease spreads 
and large quantities of inoculum are produced, inflorescences in any stage 
of development are attacked. In heavily infected areas all of the young 
racemes and even flowm’ primordia are killed. Following periods of high 
humidity the fungus fruits extensively on the surface of infected inflores- 
cences, giving them a black, sooty appearance (Fig. 2). When the first 
harvest was made at Beltsville, Maryland, on September 6, 1943, the spores 


Pig. 2. Left, defoliation of a selection of Ricinus communis following severe leaf 
inf ection by AUernaria ricini, Eight, an adjacent selection of E, communis with leaves 
only slightly affected. Note the blackening of capsules of both plants caused by the pres- 
ence of mycelium and spores of A. ricinL 

oi AUernaria rose in clouds of dust from the capsules, and workers^ hands 
became black with spores. The number of plants visibly affected by Septem- 
ber 15 was determined on an area of approximately five-sixths of an acre. 
Of a total of 3,603 plants, 70 per cent were affected to vsome degree ^ 

Leaves. A cevtaiii amount of leaf spotting and premature defoliation 
was noted throughout the season. As the raceme infection spread this leaf 
spotting and defoliation became increasingly severe. By August 31, 1943, 
some selections were almost completely defoliated while others were little 
affected (Fig. 2). Diseased leaves dry and curl at the edges and scattered 
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brown spots, which often coalesce, appear over the surface. When siif&cieiiL 
Lumidity is present the fungus fruits extensively over the infected portion 
of the leaf. When a large area of the leaf becomes involved, abscission 
follows. 

THE CAUSAL ORGANISM 

Morphology. Material for determining the spore characters and diinen- 
sions of the causal organism was collected immediately following periods of 
high humidity from naturally infected field-grown capsules on which the 
sporulation was fresh. The conidia and conidiophores were mounted in 
laetophenol, measurements being made with an ocular micrometer. Only 
mature spores were measured. 

The description of the organism is as follows; Conidiophores solitary or 
in fascicles, simple or branched, olivaceous in plain water and lactopheirol, 



Pig. 3. Conidia of Alternaria ricini (Yoshii) Hansford, scraped from the surface 
of an infected castor-bean capsule, (x 80.) 

becoming yellow-green after a short time in laetophenol, length 70-128 p, 
diameter p, with 5-10 septa; conidia obclavate, dark olive-green en 
masse and light-olive when viewed singly in either water or laetophenol (if 
stored in laetophenol the conidia become cinnamon-brown en masse and 
straw-colored when viewed individually). The conidia exclusive of the 
beak are 47-96 p long, with a mean of 70 p, and 15-29 p wide, with a mean 
of 22 p. There are 5-12 transverse septa, with a mean of 8, and 0-2 
longitudinal septa, with a mean of 1.6. The conidia have hyaline beaks 
which are 51-200 p long, with a mean of 112 p. Branching of the beak was 
observed in only one ease. Typical conidia are shown in figure 3. 

taxonomy 

The differentiating characters of the fungus were compared with the 
other species of Macrospormm and Alternaria reported as occurring on the 
castor bean. This fungus differs from M. compacUm Gke. {A, compacta 
(Cke.) McClellan) and ifef. camrae Parisi in that the conidia have long beaks 
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and are considerably larger than those of the latter two species. M. cavarae, 
as described by Tropova (13, 14), Kvashnina (9), and Golovin (7), agrees 
well with the AUernaria found by the writer but fails to fit Paris! ’s original 
description of M. cavarae. M. nigricans (M. mgricanUum Atk.) and A. 
tenuis Nees as described and illustrated by Tropova (13) are much like the 
AUernaria under discussion but these descriptions also fail, to agree with the 
original descriptions of these species as given by Atkinson (1) and Nees (11) 
respectively. A, tenuis as reported by Golovin differs both from the Alter- 
naria of the writer and the description of A. tenuis as given by Nees (11). 
M. ricini {A. ricini (Yoshii) Hansford) as described and illustrated by 
Yoshii (16) appears to be the same fungus as that reported herein. The 
conidia as described by Yoshii tend to be slightly shorter than in the species 
under study but this variation is thought not to be sufficient to justify giving 
this fungus a new specific designation. Considering the extreme variability 
within any one species of the genus AUernaria, ii is conceivable that the same 
fungus might have been the cause of the disease in several and perhaps all 
of the instances reported in the literature, but the material is not available 
and it is not within the scope of this article to attempt to reduce these species 
to synonymy. However, because of the ambiguity in the use of the bi- 
nomials suggested prior to Yoshii ’s work, they may be disregarded in the 
present study and the binomial A, ricini (Yoshii) Hansford accepted for the 
fungus herein described. 

experimental tests 

In addition to the large numbers of spores of AUernaria nhim observed 
on infected capsules and leaves, repeated isolations from affected organs con- 
sistently yielded this fungus. 

Keliable artificial infections of capsules were obtained only by wounding 
the surf ace of each capsule with a sterile needle and introducing the Alter- 
naria spores and mycelium into the wound. The symptoms produced on 
Inoculated capsules were identical with those observed as a result of natural 
infections. The causal organism was re-isolated readily from the seed coat, 
the central column of the capsule, and other capsular material. The results 
of typical inoculations are summarized in table 1. On controls treated in a 
like manner with the absence of the causal organism no symptoms developed 
and capsules ripened normally. 

Castor-bean plants for leaf inoculations were grown in S-inch pots in the 
greenhouse or in soil on a greenhouse bench. Plants were inoculated when 
in the sixth true leaf stage. Suspensions of spores and mycelium were made 
by dispersing the fungal mat of single-spore cultures in sterile water using 
a Waring Blendor. The plants were atomized with this suspension and 
placed in a moist chamber or covered with a large bell jar. In this humid 
atmosphere symptoms were visible in two days. The plants were removed 
from these moist conditions after 2 to 4 days but the fungus, once estab- 
lished, continued to attack the leaves, petioles, and leaf scars, causing the 
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leaves to absciss prematurely. Control plants, sprayed with water only, 
showed no symptoms. An inoculated leaf is shown in figure 4. The fungus 
was recovered readily from inoculated leaves and typical spores ^vere pro- 
duced on these leaves in the greenhouse, when the humidity was maintained 
at a high level. Eesults of leaf inoculations are shown in table 1. 

Seed from heavily infected capsules nearly always carries the fungus 
either on the seed coat, caruncle, or endosperm. In order to determine the 
subsequent effect of this seed-borne fungus on the seedlings, seed from in- 
fected capsules of the varieties, Conner and Doughty 11, was planted in 
sterilized soil in the greenhouse. After emergence the plants were examined 
for lesions and malformations. Seventy-two per cent of the seedlings of 
the Conner variety and 17 per cent of the variety Doughty 11 had symptoms 



Fig. i. Eight, leaf of Jiicinus communis (variety Kentucky 38) following inocula- 
tion with .4 ricmi Left, a normal leaf. 


typical for Alternarm ricini One hundred of these seedlings with stem 
lesions were taken at random and the diseased portions plated on acid potato- 
dextrose agar. A. ricini was readily recovered from these diseased seedlings 
bnt the extreme lack of frniting of this fungus under most cultural condi- 
tions made it impossible to check the spore size and type from agar plates. 
Therefore, 100 diseased seedlings were washed thoroughly in tap water and 
placed in moist chambers. After 3 to 5 days the lesions were examined for 
spores. Mycelium, but no spores, was found on 25 seedlings, Pusarinm 
spores were found on 23 seedlings, and A. ricini spores of the type produced 
on naturally infected capsules and leaves in the field were found on 52 
seedlings. 

DISTRIBUTION OP THE DISEASE 

Isolates of Alternaridf having the cultural characteristics of A. ricini^ 
were obtained by the writer from 32 of 34 samples of castor-bean seed from 
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TABLE 1. — Infection of capsules and leaves of the castor-hean plant following mocii- 
lation with Alternaria ricini 


Plant numbera and 

No. capsules 

01 IsSjVGS 


No. infected 


X^art inoculated 

inoculated 

Heavily 

Moderately 

Lightly 

Capsules — field 

44-1 

10 

9 

0 

1 

44-2 

10 

9 

0 

1 

44-3 

8 

5 

3 

0 

44-4 

12 

11 

1 

0 

44-5 

13 

4 

9 

0 

44-6 

9 

6 

3 

0 

44-7 

11 

0 

9 

2 

44-8 

18 

13 

5 

0 

44-9 

20 

14 

6 

0 

44-10 

15 

0 

0 

15 

Cheek-1 

13 

0 

0 

0 

Cheek-2 

10 

0 

0 

0 

Cheek~3 

17 

0 

0 

0 

Oh,eck-4 ;....... 

12 

0 

0 

0 

Oheck~5 

15 

0 

0 

0 

Capsules — greenhouse 

45-1 

15 

15 

0 

0 

46-1 

10 

8 

0 

0 

46-2 

4 

4 

0 

0 

46-3 

4 

2 . 

0 

0 

46-4 

6 

6 

0 

0 

Cheek-6 

15 

0 

0 

0 

Check-7 

18 

0 

0 

0 

Leaves — greenhouse 

47-1 

5 

3 

1 

1 

47-2 

5 

3 

0 

2 

47-3 

5 

3 

1 

1 

47-4 

5 

3 

1 

1 

47-5 

5 

5 

0 

0 

47-6 

6 

4 

1 

1 

47-7 

4 

2 

0 

2 

Cheek-8 

5 

0 

0 

0 

Cheelc-9 ; 

5 

0 

0 

0 

Cheek-10. 

5 

0 

0 

0 

Check-11. 

5 

0 

0 

0 


a All plants were of tlie variety, Kentucky 38, except plants 46-1, 2, 3, 4, Clieek-6, 
and Oheck-7, which, were variety number 227, a spineless variant of variety TJ. S. 4. 

the 1942 crop, representing 34 different locations in the United States. That 
A. ricini was widespread on the castor-bean plant in the United States in 
1943 is evidenced by the fact that spores of A. ricini wexe abundant on the 
surface of capsules from Texas, Louisiana, Mississippi, Georgia, South Caro- 
lina, three counties in Tennessee, four counties in Kentucky, and two coun- 
ties in Arkansas. 

DISCUSSION 

Alternaria ricim is capable of infecting the seedlings, leaves, capsules, 
and seed of the castor-bean. Seedling infections lead to reduced stand and 
vigor, leaf infections cause reduced leaf area, and capsule and seed infections 
result in reduced yields and provide a means of spread and overwinteiung 
for the fungus. If it ever becomes necessary for the United States to go 
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into large-scale i^roduction of castor beans, the Alternaria disease of the 
eastor-bean plant may well become an extremely important economic factor. 
No means of control have been developed, bnt preliminary tests indicate that 
the seedling x)hase of the disease may be controlled to some extent by seed 
treatment. A search is being made for disease-resistant material, although 
no selections have been found to date which seem to have any appreciable 
resistance. 

SUMMAEY 

A disease of the castor-bean plant in the United States is described and 
the causal organism was determined to hQ Alternaria ricini (Yoshii) Hans- 
ford. The taxonomy of the fungus is discussed. The pathogen causes a 
seedling disease, leaf spot, and a raceme disease. The fungus is seed-borne 
and has been identified on castor-bean capsules from Texas, Louisiana, Mis- 
sissippi, Georgia, South Carolina, Tennessee, Kentucky, and Arkansas. No 
means of control have been developed but there seems to be some promise 
for seed treatment in controlling the seedling phase of the disease. 

Plant Industry Station, 

Beltsville, Maryland. 
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PATHOGENICITY OP THE DUTCH ELM DISEASE FUNGUS 
L. J. Tyler and K. Gr» Parker;^ 

(Accepted for publication December 4, 1944) 

Swingle^ first reported that monoconidial and monoaseosporie progenies 
of Ceratostomella ulmi (Schwarz) Buisman differed widely in cultural char- 
acters when grown on nutrient agar. An intensive study by Walter,^ of 
variants that originated as sectoi's in mass isolates from diseased elms and 
as sectors in monoconidial progenies, revealed the existence of numerous cul- 
tural races in the same fungus. He ascribed the development of these cul- 
tural races to mutation. Since C. ulmi is normally heterothallie,’^^ ^ Walter 
emphasized that such races might arise also through the sexual process. 
Observations by the present writers over a period of 8 years on cultures of 
monoconidial progenies from sector variants that appeared in mass isolates 
of C. ulmi generally confirm those of Walter. 

The existence of races, within the species Ceratostomella ulmi, that differ 
in cultural characters suggested that they might differ also in pathogenicity 
to the elm. In 1932, Buisman® stated that lines of C. ulmi differ in virulence 
but the extent and constancy of these differences was not revealed. This 
paper is to present some data concerning significant differences noted in the 
capacity of different races to produce disease and data which further show 
that each race was constant in this character. 

MATERIALS AND METHODS 

Fungus. Eight cultural races of Ceratostomella ulmi were used; they 
originated from diseased elm tissue collected in the summer and fall of 1934. 
Eaces Al, A2, A3, and A4 each arose as a sector variant in a culture of (7. 
ulmi obtained from diseased tissue taken from a tree at Elmsf ord, New York. 
Eaces B, 0, D, and E orginated similarly but from different diseased trees ; 
the latter trees were in Bronx borough of New York City. Stock cultures 
of the different races were started, during the winter of 1935, from single 
spores exeept for race E. This last race was entirely mycelial in type of 
growth and did not sporulate, so the stock cultnre was started from a single 
hypha. In addition to studying the pathogenicity of each race separately, 
seven of them were combined and used as a/ 'mixture.” Stock cultures of 
the different races were maintained on potato-dextrose agar and kept at ordi- 

1 The use of laboratory facilities and field space made available by the Boyce Thomp- 
son Institute for Plant Research, Yonkers, New York, is gratefully acknowledged. 

2 Swingle, R. TJ. A preliminary note on sexuality in the fungus GeraiostoKneUa %lmu 
Phytopath. 26: 925-927. 1936. 

3 Walter, J. M. Yariation in mass isolates and monoeonidium progenies of Cerato- 
stomella ulmi. Jour. Agr. Res. [IT. S,] 54: 509-523. 1937. 

4 Buisman, Christine. Ceratostomella ulmi^ de geschlaelitelijke vorm vscn. GtapMum 
'itZmi, Schwarz. Tijdsehr. Plantenz. 38: 1-5. 1932. 

5 Buisman, Christine. Verslag van de phytopathologische onderzoekingen over de 
iepenziekte, verricht in liet Laboratorium, Willie Gommelin Scholten, gedurende 1931, 
Tijdsehr. Plantenz. 38: 17-36. 1932, 
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nary room temperature until tlie end of the year 1940. Afterward they 
were stored at about 5° C. 

Inoculum was developed by growing the fungus in Petri dishes on sterile, 
cellulose, beer-glass coasters soaked with potato-dextrose solution. Spores 
formed on this medium were readied for use as inoculum by suspending them 
in sterilized distilled water. The density of the spore suspension of each 
race was adjusted to about i million spores per ml. Since race E did not 
sporulate, the mycelium w^as used as inoculum without suspending it in 
water. 

Trees. American elms {Tllmiis americana L.) were grown from cuttings 
obtained from a single source and rooted during June, 1938. In April, 1940, 
the young trees were transplanted to the field. The planting of elms com- 
prised 22 rows of 12 trees each and was located on a valley bottom in the 
Boyce Thompson Eesearch Institute Arboretum at Yonkers, New York. At 
the time of inoculation the trees were in their 5th year of growth and from 6 
to 9 feet high. There was considerable variation in vigor but this was offset 
by randomization ; all trees were in an active stage of shoot elongation when 
they were inoculated. 

Inoculation. The inoculum was introduced into the trees with a 10-ml. 
hypodermic syringe equipped with a 11/16-inch, No. LN special Becton- 
Diekinson & Co. needle which has the delivery aperture on its side near the 
point. After loading the syringe with the spore suspension the needle was 
inserted underneath the bark, on a tangent with the trunk circumference, 
at one point on each of two sides but at slightly different levels and about 
2 feet above the soil line. As the needle was forced underneath the bark 
care was taken to injure some peripheral wood vessels to assure ingress. 
Three ml. of inoculum were delivered at each point. Since race E did not 
produce spores, bits of mycelium were introduced into small longitudinal 
trunk incisions that extended into the outeimiost vessels ; after the inoculum 
was introduced into the wound the latter was covered with waterproof tape. 
The wmrk of inoculating the trees was completed within 3 hours on June 19, 
1942. 

Eleven trees were rxtilized for each of the cultural races A2, A3, A4, B, 
C, D, and E, while for race A1 and for the mixture^’ the number wms 
twenty-two. Trees inoculated with a given race occurred, only once within 
a row, and the different races were well randomized with respect to each 
other. 

Recording data. The approximate percentage of foliage wilted per tree 
was estimated at intervals of 11, 20, 34, and 73 days following inoculation. 
The amount of dead wood per tree was accurately determined on October 
21-22, 1942, in the following manner: the length of the trunk and of all 
branches of each tree np to the end of the 1941 growth was measured, then 
the linear inches of dead wood were obtained by measuring downward from 
the point at which 1941 growth had ceased. The significance of the differ- 
ences between the mean amounts of dead wood per tree caused by the dif- 
ferent races was analyzed statistically. 
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In May, 1943, the number of trees killed by the different races was 
recorded and the trees were cut and examined for discoloration. All of the 
cultural races used for inoculative purposes were recovered by making tissue 
cultures. 

RESULTS AND DISCUSSION 

Examination of the means for dead wood (Table 1) shows that cultural 
races A3, A4, and C are >significantly weaker pathogens than the others. 
Furthermore, race A4 is less virulent than A3 and both are significantly 
less pathogenic than A1 and A2. It is recalled that races Al, A2, A3, and 
A4 originated more or less simultaneously as sector variants in a culture 

TABLE 1. -^Pathogenicity of different cultural races of Ceratostomella iilmi to the 
American elm 


Index of wilt, a 

Cultural days after inoeiilation No. Mean per cent of 

race — trees killed^ dead wood i:)er tree® 

11 20 34 73 


Al 73 88 95 97 22/18 93.0 

A2 74 93 92 89 11/5 86,2 

A3 7 45 49 50 11/0 43.6* 

A4 0 26 35 26 11/0 22.8* 

B 64 94 91 89 11/6 83,0 

0 0 36 51 46 11/0 34.2* 

B 56 85 88 93 11/9 89.2 

Ed..... 0 0 0 0 11/0 None 

Mixture 67 91 91 92 22/14 91.2 


a Total possible wilt = 100. 

b Numerator renumber of trees inoculated; denominator = number killed. 

®M.S.B. at 5 pet. point: 18.2 between groups with 11 trees each, 12.9 between 
groups with 22 trees each, 15.8 between groups with 11 trees and those with 22. Mean 
numbers with an asterisk are significantly difterent from others, 
d Bata were not used in the statistical analysis. 

obtained from one diseased elm. Since A3 and A4 were less pathogenic 
than Al and A2 it is evident that some loss in pathogenicity accompanied the 
appearance of sector variants from Tvhieh the former 2 races originated. 
It is assumed that Al and A2 were like the parent culture which must have 
been strongly pathogenic since the tree from which it was obtained died 
rapidly. The nonsporulating race E proved to be nonpathogenic ; this 
organism never spread (as shown by discoloration in the elm tissue) more 
than 2 to 6 inches away from the inoculation points. This is a striking con- 
trast to the invasiveness of the others. The strongly pathogenic races ( Al, 
A2, B, and D) produced heavy discoloration of the tissue throughout the 
1942 annual lung of the branches and trunks, while that caused by the 
moderately pathogenic races (A3, A4, and 0) was equally intense but not 
so uniformly and widely distributed. The downward spread of the weaker 
races in the trunks was definitely limited and this was correlated with a 
general absence of dead wood in the trunks. The composite culture listed 
as mixture ’’was equally as virulent as the most strongly pathogenic races 
and so it appears that the association of the weaker races with the stronger 
exerted no inhibitive effect upon the invasive activities of the latter. 
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The data concerning wilt and actual number of trees killed by the dif- 
ferent cultural races (Table 1) are self-explanatory. These data further 
help to emphasize the marked differences in pathogenicity between some of 
the races. 

The pathogenic behavior of the cultural races studied suggests that 
within the species OoraiostoYnellci ulmi there exist a number of entities which 
possess unequal ability to produce disease. Some of these entities are 
strongly pathogenic, others moderately so, and still others are practically 
xionpathogenie. On this basis cultural races Al, A2, B, and D are strong 
pathogens, races A3, A4, and G are moderately strong, and race B is non- 
pathogenic. 

Since cultural race E is a nonsporulating organism and is practically 
nonpathogenic it would be difficult to prove even by attempting to mate it 
with known male and female strains of Geratostomella ulmi that it belongs 
to this species. However, it arose as a distinct sector variant in a culture 
of a typical mass isolate, and the isolate was obtained from discolored wood 
of an elm destructively affected by C. ulmi. Except for lack of sporulating 
structures this race looks much like other pathogenic ones when grown on 
nutrient agar. 

The constancy of pathogenicity in the different races studied is attested 
to by some results obtained during the early spring and summer of 1935, 
seven years earlier. At that time potted elms were inoculated w-itli all these 
cultural races, except A3. With allowances for the fact that but 2 to 3 trees 
were inoculated with a given race at that time, the results show that the 
pathogenicity of each race on the earlier date was essentially similar to that 
several years later. Baces Al, A2, B, and D were strongly pathogenic, A4 
and C were moderately strong, and race E was nonpathogenic. The fact 
that the pathogenic capabilities of the different races remained rather con- 
stant is striking and more so since all the races were continuously maintained 
on nutrient agar in test tubes during the 7-year period between the two tests. 
Race Al, only, had been passed through the elm in the interim. 

Concluding, it appears that races unequal in pathogenic capabilities arose 
as sector variants in mass isolates of Ceratostomella ulmi. While these 
sector variants may have originated as a result of mutation, the manner of 
their origin needs further study. 

Apart from the importance that such variants play in the diagnosis of 
specimens from* suspected cases of Dutch elm disease,® these pathogeni- 
cally distinct entities might have some influence on the production of dis- 
ease epiphytoties. Furthermore, this racial specialization should be con- 
sidered in a disease control program involving the development of disease 
resistant elms. 

SUMMARY 

1. Culturally distinct races of originated as sector 

variants in mass isolates obtained from native diseased American elm. 

5 gee footnote 3. 
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2. Tliese cultural races were of unequal pathogenicity. Some of them 
were strongly pathogenic, others were moderately strong, and one was prac- 
tically nonpathogenic. 

3. The cultiYation of these races on nutrient agar for 7 years, with- 
out passing them through the elm, did not appreciably change their patho- 
genicity. 

Department op Plant Pathology, 

Cornell University, 

Ithaca, New York, 
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Union of Amei'ican Biological Societies {and Biological Abstracts). Donald Folsom, 
L. M. Massey, W. C. Snyder, W. Gr. Stover, F. V. Band, Clun. j Helen Hart and 
E. M. Johnson (ex officio). 

Special Committees: 

Coordination in Cereal and Vegetable Seed Treatment Besearch. 0, H. Arndt, F. J. 
Greaney, C. M. Haenseler, K. W. Kreitlow, L. D. Leach, R. W. Leukel, J. H. 
McLaughlin, George Seheniuk, M. B. Moore, Glim. 

Biingus Nomenelattire. G. M. Tucker, D. S. Welch, Erdman West, G. L, Zundel, 
J. A. Stevenson, Ohm. 

Nomenclature and Classification of Plant Viruses. C, W. Bennett, L. M. Black, 
James Johnson, H. H. McKinney, Frank McWhorter, H. Earl Thomas, 
Freeman Weiss, Chm, 

Plant Disease Prevention. J. F. Adams, K. D. Butler, C. E. F. Guterman, E. C. 

Stakman, R. P. White, C. G. Woodbury, Donald Fletcher, Chm. 

Publication Problems. M. W. Gardner, Francis 0. Holmes, A. J. Eiker, Chm.; 

B. M. Caldwell and Helen Hart (ex offieio). 

Beorga7iisation of International Cooperation. H. P. Barss, G. H. Coons, J. G. Har- 
rar, Otto Eeinking; J. A. Stevenson, E. G. Stakman, Chm. 

Standardization of Fungicidal Tests. M. 0. Goldsworthy, C. S. Holton, J. G. Hors- 
fall, M. B. Moore, C. F. Taylor, H. W. Thurston, J. D. Wilson, S. E. A. Mc- 
Callan, Chm. 

Terminology {Nomenclature) of Immunology and Use of Technical Words, D. L. 

Bailey, W. H. Burkholder, Donald Folsom, M, W. Gardner, Chm. 

War Committee. J. G. Leach, E. G. Stakman, I. E. Melhus, Chm. (Executive 
Committee). 

Temporary Committees for 1944: 

Auditing. C. T. Gregory, George B. Cummins, Clini. 

Illustrative Material for Papers. E. D. Hansing, G. 0. Kent, E. J. Anderson, Chm. 
Publication of Membership List. R. M. Caldwell, Helen Hart, J. G. Leach, R. S. 
Kirby, Chm. 

Besolutions. R. W. Goss, F. L. Howard, C. M. Tucker, Chm. 

Temporary Committee for 1945: 

Publication of Special Material. H. P. Barss, J. G. Leach, W, H. Tisdale, W. G. 
Stover, Chm. 

Report of the Secretary. At the time of our Council Meeting, December 6, 1943, 
the membership was 1,060. It now totals (December II, 1944) 1,089. This makes a net 
gain of 29 members. During the period from December 6, 1943, to December II, 1944, 
63 individuals applied for membersbip. 

Twenty-nine former members have been reinstated, and the Society lost a total of 63 
members: 16 by resignation, 9 by death, and 39 suspended for nonpayment of dues. 

On J anuary 2, 1944, a letter, one copy of the original application, the confidential slip, 
and new application blanks were sent to all members -with applications in the Clearing 
Agency. Each applicant was asked to bring his application up-to-date on the new appli- 
cation forms and confidential slip enclosed and return to the Secretary’s office. If no 
change was necessary, the applicant was asked to return the original copy of the applica- 
tion and original confidential slip. 

Applications of those who did not return revised, or original application were re- 
moved from the active file of the Clearing Agency. The number removed totaled 37; 
20 were placed on the inactive list by request, and 12 for nonpayment of due^ for 1943. 
There are now 35 applications in the active file of the Agency— of these 9 are new. 
During the year 66 applications were sent to 20 employers. 

Report of the Treasurer. Statement of accounts for the year ending September 30, 
1944. 

Beceipts* 

Baianoe from 1943 $2296.28 

Annual dues: 

1943 $ 14.00 

1944 2624.24 

1945 43.44 $2681.68 


30-Tear-Index 11.00 

Check for collection 4.95 

Sales 1.80 


Total receipts 


2699.43 

$4995.71 
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Expenditures : 

Membei* subscriptions transferred to PHY TOPATHOLOG-Y : 

1943 $ 12.00 

1944 2100.50 

1945 28.50 $2141.00 

Transferred to PHYTOPATHOLOGY for : 

Sales 1*80 

30“Year-Index 11.00 12.80 

Secretarial work and expenses of Office of Secretary 173,05 

Secretarial work for Treasurer 235,13 

Printing 162.88 

Stamps and envelopes 148.50 

Bank service charge 3.42 

Exchange charge .50 

Checks returned by bank 10.00 

Telegrams 2.29 

Travel expense in moving society offices, Beltsville, Maryland to 

Lafayette, Indiana 89.80 


Total expenditures $2979.37 

Balance on hand 2016.34 


$4995.71 


Sinking Fund. There has been no change in the principle amount of the sinking fund 


during the past year, the total remaining at $9676,00. It is invested as follows: 
First mortgage note deposited with McLaehlen Banking Corporation for 

/ A^trrirv r\r\ ^ A rrt \ 


United States Savings Bond, Series G, 2i% 1000.00 

Invested with the following: 

Arlington and Fairfax Building and Loan Association, 4% 1000,00 

Columbia Permanent Building Association, 4% (accrued interest 

$35.92) ^ 535.92 

District Building and Loan Association, 31% (accrued interest 

$103.83) ; 1603.83 

National Permanent Building Association, 4% (accrued interest 

$175.45) ; 2175.45 

Northwestern Federal Savings and Loan Association, ^% 2000.00 

Perpetual Building Association, 4% (accrued interest $71.84) 1071.84 

Prudential Building Association, 31% (accrued interest $20.47) 196.47 


Less interest due PHYTOPATHOLOGY 


$10083.61 

407.51 


$ 9676.00 


The Lyman Memorial Fund, obtained from voluntary contributions, now totals 
$3175.32. The whole amount is invested with the Brookland Building and Loan Asso- 
ciation, at 3i%. The account for 1944 follows : 

Balance on hand, December 1, 1943 $3285.83 

Dividends, December 31, 1943, to June 30, 1944 L! L... 99.02 


$3384.85 

Less interest due PHYTOPATHOLOGY 209.53 


$3175.32 


$1057.00 


Additional Endowment: 

War Savings Bonds, series F 

Beceived prior to December 1, 1943 <. 

Beceived December 1, 1943, to September 30, 1944 
War Savings Stamps and Cash 

Beceived prior to December 1, 1943 

Beceived December 1, 1943, to September 30, 1944 


$ 725.00 
325.00 

6.50 

.50 
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Report of the Business Manager. The total number of iionmember subscribers was 
483 on November 30, 1944, representing a net gain of 52 for the year, 1944. These con- 
sisted of 300 domestic, 32 Canadian, and 151 foreign subscribers. Included in the domestic 
subscriptions for later foreign shipment are 20 for the Ohinese Ministry, 31 for the USSR, 
and 7 for the Netherlands; also 5 complimentary domestic subscriptions. There were 47 
subscription cancellations and suspensions in 1944. Not included in the reported subscrip- 
tions for 1944 are 55 subscriptions for the current volume, number 34, by the American 
Library Association, to be held by the Society for eventual shipment to foreign countries 
as may be designated by the Library Association. 

The sales of back volumes and issues during 1944, included in addition to smaller items 
amounts of; $576.00 to the Chinese Ministry of Education; $184.00 to the Ereneli Colonial 
Supply Mission; and $135.00 to the American Library Association. 


Statement of accounts for the year ending September 30, 1944. 
Receipts: 


Balance from 1943 

Subscriptions 

1943 

1944 

1945 

1946 

Member subscriptions : 

1943 

1944 

1945 

Sales of back numbers of PHYTOPATHOLOGY 
Advertising 

1943 

1944 

Advertisement for membership list 

30-Year Index 

Interest on Sinldng Pund 

Pirst mortgages 

Building and Loan 

IT. S. Bond Series G 

Interest on current funds 

Grant from Rockefeller Institute 

Allowance on reprints 

Prom authors for excess illustrations ....... 

Smith Memoirs 

Refund of overpayment 

Total receipts 


$ 6750.29 


$ 18.00 
2548.70 
288.95 

116.00 $2971.65 

12.00 

2100.50 

28.50 2141.00 
1601.94 

68.18 

844.70 

50.00 962.88 

68.00 , 

21.50 

100.00 

25.00 146.50 

140.81 

600.00 

533.27 

271.05 

.50 

164.67 

9602.27 


$16352.56 


Expenditures : 

Printing, distributing, and storing PHYTOPATHOLOGY : 

Vol. 33, no. 11 $1079.16 

12 1026.34 

Vol. 34, no. 1 1115.88 

2 955.87 

3 783.31 

4 677.72 

5 760.27 

6 712.39 

7 712.11 

8 587.93 $8410.98 

Postage, PHYTOPATHOLOGY 309.98 $8720.96 


Secretarial work and office expense, Bditor-in-cMef 348,60 

Secretarial work for Advertising Manager 111.75 

Postage for Advertising Manager 9.00 

Commission for Advertising Manager (1943) 100.00 

Other expense (telephone and printing) Advertising Manager „.... 9.68 

Secretarial work for Business Manager 314.01 

Office supplies 12.17 

Express in transferring office equipment and records, Beltsville, 

Maryland, to Lafayette, Indiana 61.00 
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Stamps 

Printing 81.02 

Recondition typewriter 15.00 

Postage, 30-Year Index (part) 9.10 

Refund suliscriptioii 5.17 

Overcharge, Seienee Press 164.67 

Purchase of hack numbers 14.00 

Bank charge 1-S8 

Total expenditures $ 9980.01 

Balance on hand : 

Oheelang account $1572,86 

Northwestern Federal Savings and Loan 4799.69 6372.55 

$16352.56 

The SO-Year Index. Summary of receipts and expenditures November, 1943, to Sep- 
tember 30, 1944: 

Balance in excess of expenditures Nov., 1943 $ 59.58 

Receipts Nov., 1943, to Sept* 30, 1944 68.00 


Expenses Nov., 1943, to Sept. 30, 1944 , 


$127.58 

9.10 


Balance in excess of expenditure Sept. 30, 1944 $118.48 

Report of the Auditing Committee, as of September 30, 1944. We have examined 
the books of the Tx-easurer of the American Phytopathologieal Society and of the Business 
Manager of PHYTOPATHOLOGY and find them to be correct. 

Signed: George B. Cummins, Chairman 

Chas. Gregory 

Report of the Advertising Manager for 1944. This report covers the calendar year, 
January 1 to December 31, 1944. During this period 25 companies inserted a total of 122 
revenue-producing advertisements in the regular journal and in the membership list. 
These insertions occupied 85 pages and consisted of 68 full-pages, 37 half -pages, and 17 
quarter-pages. Nonrevenue-produeing advertisements totalled 11 and occupied 4^ pages 
involving 1 full-page, 4 half -page, and 6 quarter-page insertions relative to Piiytopatho- 
logieal Classics, The Society Clearing Agency, 30-Year Index, Phytopathology Endowment 
Fund, and Biographical Memoirs of Erwin P. Smith. 

Gross receipts from advertising totalled $1,685.00. The net profit to the Society 
after costs of printing and office expenses connected with the advertising, and agency 
commissions and discounts was approximately $748.00. 

^ With the approval of the Council of the American Phytopathologieal Society, adver- 
tising was included in the 1944 issue of the membership list. It was largely through the 
efforts of the membership list committee, and J. 0. Walker that enough revenue was col- 
lected from the advertising carried in the list to leave a small profit above the cost of 
publication. 

Report of the Editor-iu-Chief, There are 1085 pages, exclusive of the index, in vol- 
ume 34 of PHYTOPATHOLOGY. The volume contains 106 articles, 36 notes, 3 reports 
of meetings, 118 abstracts, 5 biographies with portraits, 5 book reviews, 4 notices or 
announcements, and 224 text figures, A membership list, of 36 pages, f oi’ms a supplement 
to the September issue. The present editor-in-chief was appointed by the Council on 
March 1, to fill the unexpired term of H. B. Humphrey. Since January 1, 1944, eight 
papers have been rejected or withdrawn. On November 15, 1944, there were 76 papers 
on hand: 42 have been accepted for publication, 10 are being revised by the authors, and 
24 are under consideration by the editorial board. Appraisals and criticisms are secured 
from two, three, or four members of the editorial board before a paper is accepted for 
publication. 

With the approval of the Council, and for a short time, PHYTOPATHOLOGY has 
extended, the courtesy of its pages to foreign scientists who are persevering in research 
undei difficult war-time conditions and are deprived temporarily of opportunity for 
membership in the American Phytopathologieal Society. ./ 

_ The editorial board will be helped greatly and the necessity for conserving paper may 
be met, if authoi's will recognize the need for, and possibilities of, condensation. An 
author s condensation usually is far more satisfactory than an editor's. Tables often 
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can be simplified, presented in summary form, or even eliminated and replaced by a short 
paragraph. Illustrations may not be essential to a paper, many that are submitted 
cannot be reproduced well, and some do not justify the space they require. Better plan- 
ning of tables and illustrations for the journal dimensions also will facilitate the work of 
both editorial board and printer. Conservation of space by judicious condensation will 
enable a greater number of members to publish in the journal. 

It is gratfying to find the authors as cooperative and patient as they have been this 
year when it is difficult to secure adequate editorial assistance and to maintain normal 
publication procedures. Members of the editorial board have shared the responsibilities 
of the editorial office and have given invaluable assistance in the appraisal and criticism 
of manuscripts. 

Report of Society Representative on the National Research Council for 1944. Your 
representative attended the Annual Meeting of the Division of Biology and Agriculture 
at Washington, D. 0., in April, 1944. Actions and discussions of interest to the Society 
are as follows: 

1. It was recommended to the Council that an Agricultural Board be established to 
which general problems relating to Agriculture can be referred. This board was subse- 
quently created as follows: W. C. Coffiey (Chairman), 0. H. Bailey (Yice Chairman), 
B. B. Buchanan (Secretary), E. C. Auehter, T. P. Cooper, 0. B. Hutchinson, W. H. Martin, 
L. A. Maynard, H. P. Rusk, R. P. Griggs (ex-offielo), Ross G. Harrison (ex-offieio). At 
its first meeting at Minneapolis (September 25-26, 1944) the Board undertook to sponsor 
the present committees of the Division which are related to Agriculture. This would 
include the Committee on Crop Protection (E. C. Stakman, Chairman). 

2. The establishment of a subcommittee on National Research Council Fellowships 
in Agriculture was recommended with the idea that funds be sought to establish for the 
post-war period a series of Fellowships in Agriculture distinct from those now available 
in the Natural Sciences. This Committee has been authorized by the Council and will 
work in association with the Fellowship Board. 

3. The Division voted to set up a Committee on Personnel Problems to consider the 
problems that will be faced by scientists in various fields upon demobilization of the armed 
forces. It was pointed out that such a committee should work with, rather than replace, 
systems already in existence within certain Societies (such as that in the American Pliyto- 
pathological Society). 

4. The question of prepublication of abstracts was discussed without any final action. 

Report of the Representative to the Board of Editors, American Journal of Botany. 
One paper, on localization of wilt resistance in tomato, submitted for publication in the 
American Journal of Botany was reviewed and comments furnished to the editor-in-chief. 
An invitation to read a paper on certain genetic studies with an ascomycete was declined 
since it appeared to be somewhat out of the field of plant pathology. 

As a suggestion, the question might be asked : Has the Phytopathological Society ever 
considered tlae advisability of associating with its Editorial Board representatives from 
certain other societies in closely related fields? 

Report of Committee on Donations and Legacies. One appeal went out to the entire 
membership to purchase war bonds and stamps, or make contributions to The American 
Phytopathological Society for the purchase of bonds and stamps, to enhance the Lyman 
Memorial Fund. The response was almost negligible, since during the entire fiscal year 
only one contribution had been made from an individual in the form of a Series F Bond 
with a maturity value of $25.00. In addition, the Pacific Coast Division of The American 
Phytopathological Society had contributed three Series F Bonds each with a maturity 
value of $100.00. 

Your Committee has had considerable correspondence relative to the possible reasons 
why our membership did not respond to these appeals over the past two years in a more 
generous fashion than they did. Very evidently, the cost of the appeals to the member- 
ship did not bring in results commensurate therewith. 

It would be the chairman’s recommendation that the Committee be completely re- 
organized witli new personnel which will bring new viewpoints and new ideas to it. It 
would also be the chairman’s recommendation that Mr. N. J. Giddings, who is responsible 
for the Pacific Coast Division contributions, be made the permanent chairman of this 
Committee. During the past two years he has shown a high degree of interest in the 
Committee ’s activities and will ably continue its work. 

J. G. Beown, N, J. Giduings, B, L. Richaeds, 

N. E. Stevens, R. P. ‘White, Chairman 

Report of the Extension Work and Relations Committee. A kodachrome transpar- 
ency exchange has been instituted and has resulted in the distribution of 3,818 slides on 
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Tegetable diseases, 1,197 slides on fruit diseases. In 1944 a set of cereal ditspoo,, 
parencies was oolleeted and an opportunity presented to most Plant Portal ^I'ans- 

and secure copies for their own educational wo4 I? is h“pfd S tlfif vfs ? 
matenal will result in better farmer education in disease control educational 

A mnual ot extension methods in Plant Pathology was 'nrenirAt-r w o 
pathologists under the supervision of Dr. Haskell and distrihnf-L pI 
and heads of Extension work throughout the United States and Pathologists 

year further distribution to workers in foreio-n eountriA^ During the past 

^».”rrcuX^".s» S*” '?“• ®“- 

of making this material available for State use. material, and (2) a means 

report!: Committee. Deaths of members during 1943 not previously 

James McMukphy (date not known) 

G. W. Goldsmith, August 28 
Deaths of members during 1944 : 

De^ B. Swingle, January 8 
P. H. Boles, February 23 
W. T. Horne, April 12 

A. H. B. Duller, July 3 
E. E. Gaines, August 17 
Earnest Dope, September 24 

H. H. Whetzel, November 30 

begint!g D!cUterT!9fl,tfd!S!feS 

Glassies No. 1: On hand Dec. 1, 1943 93 

Sold during year g 

ni ■ On hand Sept. 30, 1944 ~ 

Glassies No. 2 : On hand Dec. 1, 1943 ' * 

Sold during year ZI’IZZZ 7 

' tvt « On hand Sept. 30, 1944 ~ 01 ^ 

Classics No. 3: On hand Dee. 1, 1943 .. J-jJ 

Sold during year .ZZZ.....Z. ■ g 

- ~ » 

Sold during year * ^g 

m On hand Sept. 30, 1944 ~ 

Classics No. 5: On hand Dec. 1, 1943 -y— 

Sold during year ZZZZZZ 10 

ni • On hand Sept. 30, 1944 ~~ ~ 

Classics No. 6: On hand Del 1,1943 «op 

Extras found 

Sold during year ...... '..l...Z.!,Z. 11 

,, s: a ~ 

Extras found 

Sold during year ZZZZZIZI " 12 

On liand Sept. 30, 1944 7ifi 

JRsceipts: /xo 

Cash balance on hand Dec. 1 1943 

Beceipts during year $442.28 

m a t ’■ 42.50 

Total -- 

$484.78 
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Bxpenditwes : 

Postage $ 5.75 

Stationery 16,00 

Total expenditures $ 21,75 

Balance on hand Sept. 30, 1944 $463.03 

Due on accounts Sept. 30, 1944 21.50 


Report of the Public Relations Committee for 1944. Slight changes in policy, with 
a view of greater decentralization of responsibility and more evenly divided territorial 
spread have been applied through the committee membership with varying success. Prob- 
ably further changes would be beneficial) particularly in regard to including in unit areas 
lands geographically contiguous and producing similar crops. 

The responsibility and actual work of the committee, previously largely carried hy 
the chairman, has been passed on to the committeemen in their respective geographical 
areas largely because of the diversity of crops and likewise the wide range of application 
of the technical material contained in PHYTOPATHOLOGY throughout the year. 

The scope of the work has been slightly enlarged and the reception probably better. 
Local spreads in various localities in daily newspapers, Sunday supplements, and farm 
magazines have been spasmodic but increasingly impressive. Por instance, several pages 
of plant diseases and fungi in colors have appeared in different magazines of national 
distribution and scope during the past year. 

The general response of the society members as to their opinions and reactions to 
this activity appears definitely to he increasingly favorable and voluminous. The neces- 
sity and importance of this work in relation to the general welfare of the society and its 
members as individuals have frequently been manifested. In the past, we as a group have 
probably suffered less rapid progress because of our reluctance to devote at least a small 
portion of our time and energy explaining to the public the scope of our work and its 
application. It can hardly be denied that any business successfully conducted devotes 
certain of its energies informing the people. It is the general belief of the committee that 
the field and scope of phytopathology has been more successfully interpreted and under- 
standingly placed before the general public than any year of the past in spite of the con- 
tinued competition in publicity due to the war. 

Some changes in personnel have been made and others should be made whenever any 
member is found with ability to popularize our technical findings. 

Report of the Committee on Regulatory Work and Yoreign Plant Diseases. The 
standing committee on Regulatory Work and Yoxeign Plant Diseases, consisting of C. R. 
Orton, R. P. White, and B. 0. Stakman, chairman, has little to report. Dr. White was 
acting chairman while the chairman was in Mexico during the spring of 1944. 

There are now in reality three committees or subcommittees, representing more or 
less directly the Society, that are concerned with quarantines and regulatory work: 

1. The subcommittee of the War Committee, known as the plant quarantine sub- 

eommittee 

2. The Crop Protective Committee of the National Research Council 

3. The standing committee 

The activities of committee No. 1 will be summarized in the report of the War Committee. 
Committee No. 2 was authorized at the Columbus meeting to represent the interests of the 
Society in matters affecting entomology and plant pathology jointly. Committee No. 3 
was authorized at the Columbus meeting, and its function was restricted to giving advice, 
when called upon, to the federal Bureau of Entomology and Plant Quarantine. 

Committee No. 2 concentrated on an attempt to get the IJ.N.E.R.A. to take all feasible 
precautions in preventing the promiscuous dissemination of insect pests and plant patho- 
gens. In spite of the fact that the committee actually put forth considerable effort, the 
results were somewhat disappointing, although the officials of this organization probably 
have consulted more freely with the federal Bureau of Entomology and Plant Pathology 
than might otherwise have been the ease. Perhaps, after all, the eommittee could not 
go very much farther than to influence the XJ.N.R.R. A. organization to avail themselves 
of the help and advice of official organizations charged with the responsibility of safe- 
guarding against the introduction of new or especially dangerous pests and pathogens. 

As concerns the activities of Committee No. 3 specifically, the federal Bureau of 
Entomology and Plant Quarantine furnished information regarding the important plant 
diseases taken in connection with insect and plant disease surveys in the general vicinity 
of ports of entry from June, 1943, to December 31, 1943, and consulted with the eommittee 
regarding the potato wart situation: in the ITnited states. Inasmuch as committees 1 and 
2 concerned themselves with attempting to get proper action, committee No. 3 restricted 
its function to its mandate, namely, to give advice when the advice was sought. 
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Report of the Committee on Biological Abstracts and the tlnion of Biological 
Societies. In general, the present picture for BIOLOGICAL ABSTRACTS is a good 
one; The enterprise is holding its own and in some respects improving and advancing in 
spite of the continuing difficulties of the hour. As with most current activities— goverm 
mental and private— this is the critical moment to continue full speed ahead and at the 
same time to plan for the post-war period. 

Abstracts of Plant Sciences. The complete volume of Biological Abstracts for 1944 
will contain 23,314 abstracts as compared with 25,947 in the preceding year; Secton B— 
Abstracts of Plant Sciences will contain 5,701 this year as compared with 6,516 in 1943. 
This section includes : Ecology, systematic botany, morphology and anatomy of vascular 
plants, agronomy, horticulture, forestry, pharmacognosy and pharmaceutical botany, plant 
physiology, and phytopathology. For the year it contains 1,277 abstracts of contributions 
dealing directly or indirectly with plant diseases, three-f ourtlis of which are in the division 
devoted to plant pathology so ably edited by Br. Freeman Weiss. 

Current output of published research. One feature of the times is that a large amount 
of scientific activity still going into research cannot— for military reasons— be published 
now. Furthermore, many of the active scientists of the warring nations are in the armed 
forces or in one way or another serving their governments in cax^aeities precluding further 
current research or the publication of that already completed; this situation also renders 
many of those who formerly cooperated with Biological Abstracts unavailable for abstract- 
ing or for other essential services to the journal. The research literature available is 
therefore somewhat smaller than in recent years, yet Biological Abstracts continues to 
abstract all that is obtainable promptly and with unimpaired scholarship. At the present 
time about 2,000 journals are being covered, and cooperation with other American and 
British abstracting services is continuing. 

Efforts directed toward the procurement of European journals for abstracting have 
gone on vigorously in spite of difficulties which all will recognize. More recently, about 
170 — ^mainly German and medical — are available for this purpose and are being ab- 
stracted as rapidly as possible. Active efforts are also being made to procure and ab- 
stract the literature of Russian research. For a number of years only a small trickle of 
this material has been obtainable, but recent weeks have seen an encouraging increase 
in the flow. 

Post-war publication. In the months that will follow the conclusion of the wmr in 
Europe, Biological Abstracts wiU undoubtedly face one of its greatest tests. Current 
indications seem to be that there are at least 2,600 and possibly as many as 3,500 
European publications, unavailable since the onset of the war, which should be abstracted 
at once. This includes the bulk of the German literature and nearly all of the French, 
Italian, Scandinavian, Butch, Belgian, and Swiss. The policy of Biological Abstracts will 
be to procure these journals and abstract them from the beginning of the war, but stocks 
of such publications available for export are scant and the procurement, assignment, and 
abstracting of this vast amount of material are bound to present major difficulties. The 
Trustees and Staff of Biological Abstracts solicit the advice, assistance, and cooperation 
of all to help them carry out this program promptly and in a scholarly manner. 

Financial status. Thanks to a steady increase in the number of subscriptions and to 
the generosity of nearly 100 industrial corporations, supplementing previous channels of 
income, the organization expects to complete the year substantially with a balanced 
budget. Estimated income for 1944 will be approximately as follows; Subscriptions 
$49,460.18, advertising income $2,428.04, net from sale of back volumes $6,010.96, and 
contributions from societies $3,049, making with contributions of $12,770 from the indus- 
tries a grand total^ of $73,718.68; the operating budget for the year was $72,740. Con- 
siderable satisfaction is justifiable from the fact that Biological Abstracts is now run- 
ning on budgets that are substantially in balance with income slowly growdng from year 
to year. It should not be forgotten, however, that this situation is very largely due to 
the generous subsidies received from corporations in the biological field— about a sixth 
of the total budget. Except for their help Biological Abstracts would be forced to draw 
on its meager reserve and also to curtail its publication. While these corporations nn- 
doubtedly value Biological Abstracts and want to assist, it should be remembered in esti- 
mating the future stability and growth of Biological Abstracts that these contributions— 
mostly in the form of $100 gifts, in some cases as much as $500— are commitments for 
one yep only and that there is no absolute assurance that such support will continue 
indefinitely. Tip to 80 per put of such gifts can now be deducted in figuring income 
taxes. How a post-war decline in the prosperity of the corporations or a change in the 
tax laws might aff pt the present attitude is a (Question. Biological Abstracts cannot 
safely rely on eopribution subsidies as a permanent basis of income; it is now therefore 
up to all biologists to make every effort toward increasing institutional, departmental, 
and personal subscriptions as a basis for adequate permanent support. 

Subscriptions continue to increase slowly but steadily ; the income to the current 
volume from this source stands about $6,200 more than a year ago, the number of sub- 
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scriptions for the complete edition having increased by 203 (98 domestic, 105 foreign) 
and that for the sectional subscriptions by 209 during 1944. American subscriptions to 
Section D (Plant Sciences) have increased from 385 to 403. 

Lest we forget. To sum up the situation, Biological Abstracts has in 1944 added 
another creditable volume, abstracting the current literature of biology insofar as it has 
been available, has gone through the year substantially on a balanced budget, has mate- 
rially increased its subscription income, and is looking toward the future with confidence. 
Year by year an instrument is being fashioned that is destined to become a progessively 
more important and more perfect tool for the increase, diffusion, and application of man^s 
knowledge in the life sciences. 

Biological Abstracts gratefully acknowledges the fine cooperation of its 3,000 col- 
laborators and 150 section editors which has made its achievements possible despite the 
smallness of its central office staff. At the present time the Business Manager and his 
secretary, two central office editors (Dr. John E. Plynn, Editor-in-Ohief, and Dr. Jean 
MacCreight, Assistant Editor) , and two proofreaders are included in a total editorial office 
staff of twelve. Their accomplishment is an example of effectiveness that requires no 
comment and merits the ax^preeiation of all. 

Report of the Committee on Resolutions. BE IT RESOLVED THAT The Amer- 
ican Phytopathological Society express its grateful appreciation to the following for their 
contributions to the success of its 36tli annual meeting and war conference: 

a. The Committee on Arrangements consisting of : W. D. Yalleau, Chairman; Stephen 
Diachun, E. M. Johnson, A. J. IJllstrxip, and 0. T. Wilson for its services in providing 
many conveniences. 

b. The management of the Netherland Plaza, and especially Miss Mary M. Hesse, 
Otto Hecker, and William P. Pfeiffer for their interest in making adequate facilities 
available. 

c. The newspapers : Cineiniiati Times-Star, Cincinnati Post, and Cincinnati Enquirer 
for their effective handling of news coverage. 

d. The Cincinnati Chamber of Commerce for its courtesy in providing assistance 
in registration. 

e. Mr. Harry R. O’Brien for his xn’exiaratioii of news releases. 

f. The Ohio State University for the use of projection equipment. 

g. Mrs. Jeanne Yalleau Gaines, and R. R. Kincaid for adding interest and enjoy- 
ment to our annual dinner. 

BE IT RESOLVED THAT the Society express its gratitude to the retiring Secre- 
tary, C. 0. Allison, for his efficient performance of the duties of the office during the past 
thiue years, and to Miss Marjorie L. Jones for her capable assistance. 

BE IT RESOLVED THAT the Society express its gratitude to H. B. Humxffirey 
for his services as editor-in-chief of PHYTOPATHOLOGY from 1929 to 1944. His un- 
tiring efforts have established for the Journal a reputation as one of the outstanding 
publications in the field of plant science. 

BE IT RESOLVED THAT the Society express its appreciation to Livia Appel, P. K. 
Baird, C. A. Peerenboom, J. B. Schramm, and W, A. Sumner for contributing data and 
advice on publication problems. 

Eespectfidly siibmitted, 

R.W.Goss 

E. L. Howard 

C. M. Tucker, Chairman 

ACTION TAKEN BY THE COUNCIL AND SOCIETY AT THE 1944 ANNUAL MEETING 

Elections and Appointments. A committee, appointed by the Council, opened and 
counted the ballots, results of which 'were announced to the Society at the banquet the 
evening of December 10: H. B. Humphrey, President; J. H. Craigie, Vice-President; R. 
W. Goss, Councilor at large. 

The Council recommended and the Society approved the appointment of E. M. 
Johnson, Secretary, for a three year term, 1945 through 1947; Paul E, Tilford, Adver- 
tising Manager of PHYTOPATHOLOGY, for a one year term; and L. C. Knorr, Editor 
and Acting Manager of Phytopathological Classics. 

Representatives of the Society, new committees, and changes in committee personnel 
are given on pages 262 and 263. 

Sixty-three applicants were elected to memhership in The American Phytopathological 
Society. 

Reports of Officers, Representatives, and Committees. Reports of officers, represen- 
tatives, and standing committees are published on pages 263-271. According to action 
of the Society at the Philadelphia Meeting reports of Special and Temporary Committees 
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are not to be published in tlie annual report. All committee reports submitted were con- 
sidered by the Council. The reports recommended for approval by the Council, with slight 
changes in some cases, were accepted by the Society. 

The Society approved the following recommendations made by the Council. 

1. Contribution of $50.00 to the Union of American Biological Societies and Bio- 
logical Abstracts. 

2. Commend members of the membership list committee for their excellent work and 
recommended that the next Council consider publication of a revised membership list 
in 1946. 

3. Appointment of a Standing Committee called Placement Committee’^ to con- 
tinue the work of the Clearing Agency formerly handled by the Secretary. 

4. Acceptance of a resolution relative to the importance and need of continuation of 
the work of the Emergency Plant Disease Prevention Program submitted to the Council 
by the War Committee. 

5. That the incoming President appoint a temporary committee ^ study and recom- 
mend ways and means of providing for publication by the Society of useful articles not 
otherwise provided for with the suggestion that this committee consider underwriting 
acceptable publications to he sold at approximate cost to reimburse and gradually in- 
crease the Society's backlog.^/ 

6. Action of the Council taken early in 1944 in accepting the resignation of H. B. 
Humphrey, editor-in-chief of PHYTOPATHOLOGY, and the appointment of Helen Hart 
to finish the iinexpired term as editor-in-chief. 

7. Appointment of E, J. Anderson, L. M. Black, P. L. Howard, and 0. M. Tucker 
as associate editors of PHYTOPATHOLOGY for a three-year term. Apj>ointment of L. 
R, Tehon as associate editor of PHYTOPATHOLOGY for 1945 and 1946 j appointment 
of M. W. Gardner as associate editor of PHYTOPATHOLOGY for 1945. In arranging 
for noiieoneurrent terms for the editors of PHYTOPATHOLOGY the resignation of A. J. 
Biker, whose term would ordinarily expire at the end of 1946, was accepted and he was 
reappointed for a three-year term beginning 1945. 

8. Standing Gommitte on ''Recognition of Merit’’ be discontinued. 

9. Accept and place in effect the following recommendations presented by the Special 
Committee on ' ' Publication Problems ” ; 

Place ixi effect as soon as possible with the present printer, Science Press, economies 
regarding (1) paper, (2) vertical lines in tables where this saves money, and (3) pub- 
lishing in units of 16 pages in accord with its quotation of November 10. The increased 
cost of printing notwithstanding these quotations will provide approximately the same 
number of pages in 1945 as in 1941 for the same outlay. 

Authorize the business manager and editor-in-chief to make the change at the end 
of a volume to a double column format, in accord with the answered questionnaires, when 
an over-all saving of more than 10 per cent can thus be accomplished. It. takes a year 
or two for authors, editors, and printers to make such a change smoothly. 

Ask the Society to vote the editorial staff a mandate "to sharpen editorial pencils,” 
to employ at least two qualified and anonymous referees on each manuscript, and to 
improve the quality of manuscripts through suggestion and encouragement, as far as 
possible, and through rejection when necessary. 

Anthorize the preparation and publication of ' ' Suggestions to Writers. ’ ’ 

Charge the authors for excessive changes from galley copy at the discretion of the 
editor-in-chief. 

Print and distribute annually, or set up as a standing page and print on otherwise 
blank pages, the suitable form with which a member could add a codicil and remember 
the Society in his -wall. This might provide a substantiaT income. 

Create a class of sustaining contributors at $100.00 per year open to industrial 
companies and publish the list with each number. The Society of American Bacteriolo- 
gists has 60 sustaining members. The list is published with each number. A standing 
committee might be charged with. the duty of keeping the list alive. (J. J. Christensen 
was selected by the Society to handle this in cooperation with the Committee on "Dona- 
tions and Legacies.”) 

Arrange for the collection of dues in the fall and for delinquent members to have 
their journal stopped after the January number. This will preserve the supply of most 
hack numbers in whole volume units, which are more vainable than units from May to May. 

10. Recommended after a study of its report that the committee on Society Organiza- 
tion be made a Standing Committee to continue a study of the revision of the Constitu- 
tion and to make specific recommendations to the Council for presentation to the Society 
according to the Constitution. 

11. Recommended that no summer meeting of the Society be held, and leave the 
matter of time and place of the next annual meeting to the decision of the Council. 
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ARTHUR HENRY REGINALD BULLER 
August 19, 1874 — July 3, 1944 

Professor A. H. Reginald Buller was graduated from the Univer- 
sity of London in 1896 with the degree of Bachelor of Science and 
received the degree of Doctor of Philosophy in 1899 from the Uni- 
versity of Leipzig, Germany. The honorary degree of Doctor of Laws 
was bestowed upon him by the University of Manitoba in 1924, by the 
University of Saskatchewan in 1928, and by the University of Cal- 
cutta in 1938. Pennsylvania University granted him the degree of 
Doctor of Science in 1933. 

From 1901 to 1904 Dr, Buller was lecturer in botany at the Uni- 
versity of Birmingham ; in 1904 he went to the University of Manitoba 
at Winnipeg as professor of botany, where he remained until his volun- 
tary retirement as professor emeritus in 1936. He also held a number 
of special lectureships in the United States*, he was Norman Wait 
Harris Foundation lecturer at Northwestern University in 1927, sum- 
mer lecturer at Louisiana University in 1941, Hitchcock professor at 
California in 1942, and in the same year Schiif Foundation lecturer at 
Cornell. 

Dr. Buller was a member of the American Phytopathological Soci- 
ety. His contributions to the field of mycology are so extensive, 
important, and well known as scarcely to require comment. Probably 
most notable among his contributions are those on spore formation, 
spore liberation, and sexuality. 
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ERNEST ADAM DOPP 
September 12, 1896 — September 24, 1944 


Ernest Adam Dopp was graduated from the University of 

7u . ' f? »« Arte, and ^ei -ri 1 de" 

Of Masto Of Arts in 1924 from the same institution 

Mr. Dopp was Assistant in Botany, University of Wisconsin 1922- 
23; Instrue or m Botany, University of Minnesota, 192A-1927 and 
Instnietor, La Crosse (Wise.) Normal, 1927. Prom 1928 Mr Donn 
turra Plant Industry, U. S. Department of Agricul 

Mr. Dopp was of a quiet, pleasant disposition, very modest hut 
ember in the vanous cooperative researches in which he had a part. 
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EDWARD FRANKLIN GAINES 
January 12, 1886 — August 17, 1944 


Dr. Edward Franklin Gaines was graduated from the State Normal 
School, Cheney, Washington, in 1907. Following a limited experience 
as a public school teacher, he entered the State College of Washington, 
where, in 1911, he received his B.S. degree. The same institution 
granted him the degree of Master of Science in 1913. From Harvard 
University he earned the Sc.D. degree in 1921. 

Dr. Gaines joined the stall of the State College of Washington in 
1911, U-iider appointment as Instructor in Agronomy and as Assistant 
Cereaiist in the Experiment Station. In 1917 he was promoted to the 
rank of Cereaiist, and in 1930 was appointed Professor of Genetics. 

Early in his experience in agronomy and plant pathology Dr. 
Gaines became interested in the cereal smuts and especially in the 
nature and control of bunt of wheat, a smut that had long exacted a 
heavy toll from the farmers of Eastern Washington and adjacent 
States. To him chiefly is due the credit for production and improve- 
ment of such bunt-resistant varieties of wheat as Ridit, Albit, and 
Hyinar, The variety Hymar is now the most important winter wheat 
grown in Eastern Washington. 

To his intimate friends Dr. Gaines was more than an outstanding 
teacher and investigator. He believed in mankind, and devoted such 
time as he could to the social and cultural betterment of young people. 
He radiated integrity, loyalty, and a rare steadfastness of purpose. 
He will long be remembered for his scientific attainments but longer 
still for his influence for good and as a man among men. 
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WILLIAM TITUS HOENl 


November 8, 1876 — April 12, 1944 


William Titus Horne was graduated from the University of Ne- 
braska m 1898 with the degree of Bachelor of Science and was a Fellow 
m Botany at Columbia University, 1903-04. 

Professor Horne was Instructor in Botany at Nebraska Wesleyan 
University, 1898-1900, and also at the University of Nebraska, 1899- 
1900. He was Assistant Plant Pathologist, 1904-1907, and Chief Plant 
athologist, 1907-1909, Bstaeion Central Agronomiea, Santiago de las 
Vegas, Cuba; Assistant Professor of Plant Pathology, University of 
California, 1909-1914; Associate Professor, University of California 
and Associate Plant Pathologist, California Agricultural Experiment 
Station, 1914-1939; and Professor of Plant Pathology and Plant 

Pathologist 111 the same institutions, respectively, from 1939 to the time 
or ills death. 

Professor Horne was a man of unusually pleasing personality and 
a most capable teacher and wise counselor in research. He made nota- 
ble contributions in his own researches on difficult problems. The 

memory of his congenial companionship will linger in the hearts of his 
many friends. 
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PETER HENRY ROLFS 
April 17, 1865 — February 23, 1944 

Peter Henry Rolfs was graduated from Iowa State College witli the 
degree of Bachelor of Science in 1889, and received the degree of 
Master of Science in 1891. The degree of Doctor of Scince was con- 
ferred on him by the University of Florida in 1920. 

He was Professor of Natural Science at Florida Agricultural Col- 
lege from 1891 to 1899, Botanist and Bacteriologist at Clemson College 
1899 to 1901, Plant Pathologist in the U. S. Department of Agrieulture 
1901 to 1906, Director of the Agricultural Experiment Station of the 
University of Florida from 1906 to 1921. He developed and was 
Director of the Escola Superior de Agricultura Vicosa, Brazil, 1921 
to 1933. He was Consultor de Agricultura in Minas Greraes, Brazil, 
from 1928 to 1933. 

Professor Rolfs was a charter member of the American Phytopatho- 
logical Society. He was a pioneer in mycology and plant pathology, 
an interest in which he retained throughout his career, along with his 
wide horticultural activities. He contributed much to his associates 
in inspiration and stimulation of research, and to agriculturists in 
general in his dissemination of practical knowledge. 
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DEANE BRET SWINGLE 
June 6, 1879 — Jamtary 18, 1945 


Deane Bret Swingle was graduated from Kansas State Agricultural 
College in 1900 with the degree of Bachelor of Science and received 
the degree of Master of Science in 1901 from the University of Wiscon- 
sin and the degree of Doctor of Philosophy in 1931 from the same 
institution. 

Prom 1901 to 1906 Dr. Swingle was employed in the United States 
Department of Agriculture, assisting Dr. Erwin P. Smith, and from 
1906 to the time of his death he was connected with the Montana State 
College and Montana Agricultural Experiment Station. He organized 
the work in botany and bacteriology and in 1911, when this was recog- 
nized as a department. Dr. Swingle was made its head, in which posi- 
tion he remained until the time of his death. In the earlier vears he 
also served as Acting President of the college, and in the later years, 
until his death, he was the Vice-president. 

Dr. Swingle was charter member of the American Phytopathologi- 
eal Society, and was a member of a number of other scientific and social 
organizations. He made notable contributions in the fields of botany, 
bacteriology, and plant pathology ; and was always a valued, sympa- 
thetic- counselor to students and faculty members. Thus he erected his 

own memorial in the hearts of his friends. 
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HERBERT HICE WHETZEL 
September 5, 1877 — November 30, 1944 


Herbert Hice "Whetzel was graduated from ‘Wabasli College at 
CrawTordsville, Indiana, in 1902, and pursued graduate work at Cor- 
nell University from 1902 to 1906. Wabash College gave him a 
Masters degree in 1906 and the honorary Se.D. degree was destowed on 
him by the University of Puerto Rico in 1926 and by Wabash College 
in 1931. 

In 1906, Professor Whetzel was appointed an assistant professor 
and head of a new department of botany in the New York State Col- 
lege of Agriculture, the name of which was changed to department of 
plant pathology the following year. He was appointed professor of 
plant pathology in 1909 but resigned his position as head of the depart- 
ment in 1922 in order to devote his full time to teaching and research 
at which he continued the remainder of his life. 

Professor Whetzel was a charter member of the American Phyto- 
pathologieal Society, its president in 1915, and chairman of its War 
Emergency Board in 1918. He promoted the organization of the 
Mycologieal Society of America and was its president in 1939. He was 
also a member of the Botanical Society of America, of the British 
Mycologieal Society, and of several honorary societies. 

Professor Whetzel possessed great energy, persistence, and enthusi- 
asm. He was a Unique character with extraordinary talents. An 
excellent teacher, a productive investigator, a forceful speaker, his 
influence was felt by students, colleagues, and friends alike and his 
death will be mourned by all. 




HOWARD EVERETT PARSON 
1897-1943 
H.L. Crane 

Howard Everett Parsoa was born at Smitli’s Creek, Micliigan, on May . 
13, 1897. He was the son of a farmer and grew np on the farm where he 
learned about fruits and the diseases attacking them. He attended the 
Beech Grade School, Wales Township, St. Clair County, Michigan. After 
completing his Port Huron High School training, he spent a year at Michi- 
gan St^te Normal School at Ypsilanti, Michigan, his schooling there being 
interrupted to enter the United States Army in World War I, at Ann Arbor, 
Michigan. He served in a Medical Company of a Casualty Detachment in 
England and Prance for approximately one year, being honorably dis- 
charged at Camp Custer, Michigan, March 1, 1919. 

Upon his return to civilian life, Mr. Parson entered Michigan State 
Agricultural College and received his Bachelor of Science Degree in 1923. 
After receiving his Bachelor’s Degree from Michigan State College, he was 
employed as Field Assistant with the Bureau of Plant Industry during the 
summer months of 1922 and 1924 and served in the position as Agent in the 
same Bureau, a portion of the year 1927. During school year, 1924-1925, 
he taught agriculture in Smith-Hughes School at Mesick, Michigan. This 
experience led him to decide to obtain additional training so that he might 
go into research work. In 1925 he enrolled in the Graduate School at the 
University of Minnesota and in 1928 obtained the Master of Science Degree 
from that University. His graduate work dealt with physiologic specializa- 
tion in Puccinia coronata avenae. Part of this time he was Instructor in 
the School of Agriculture and Research Assistant in the Minnesota Agri- 
cultural Experiment Station. In 1927 he worked on the epidemiology of 
cereal rusts for the United States Department of Agriculture. 

He was appointed to the position of Junior Pathologist in the Bureau of 
Plant Industry for work on pecan diseases, with headquarters at Thomas- 
ville, Georgia, on January 2, 1929. In this capacity, he did very important 
work in Georgia and Alabama, later being transferred to Shreveport, 
Louisiana, where he continued his investigations, working primarily on 
pecan leaf-spot diseases and their control, as well as on a virus disease known 
as bunch disease which affected the pecan and water hickory trees of that 
area and surrounding areas in Texas, Arkansas, and Mississippi. 

He married Adelaide Blanche Bunnell on October 6, 1930, and they have 
one daughter. 

- Mr. Parson died November 18, 1943, in Shreveport, Louisiana. 

. He was author or co-author of the following papers : 

Pliysiologic specialization in Puccinia coronata evenae. Phytopath. 17: 783-790. 1927. 

(With J. G. Leach and H. W. Johnson.) The use of acidulated mercuric chloride in disin- 
fecting potato tubers for the c?;'^trol of Rhizoetonia. Phytopath. 19: 713-724. 1929, 
(With G. P. Moznette, G. B. Nickels, W. 0, Pierce, T. L, Bissell, J. B. B'emaree, J. B. 
Cole, and John B. Large.) Insects and diseases of the pecan and their control, 
tr. S. Pept. Agf., Farmers' Bull. 1829. 1940. 
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ON POD SPOTS IN PEPPERS 
H. Beemer 

(Accepted for publication September 1, 1944) 

In November, 1937, the majority of the pods in a field of peppers in- 
spected at Bornova, near Izmir (Smyrn), Turkey, were injured by rotted 
spots with a layer of shining black mold on them. Microscopic examination , 
proved the fungus to be a species of Alternaria, Pure cultures were pro- 
duced on agar, one of which was identified by the Centraalbureau voor 
Schimmeleultures at Baarn (Holland) as Altenaria longipes (Ell et Ev.) 
Tisd. etWadk. 

This species of Alternaria is known to be a parasite of tobacco. Tobacco 
and pepper leaves were inoculated with an isolate from pepper, with nega- 
tive results. Pepper fruits and stems became infected, if they had been 
wounded before inoculation. Thus, the fungus is a wound parasite, but 
it cannot be the primary cause of the spots. 

In 1938, spots of the same shape but without the mold layer (Fig. 1) 
were frequent on peppers in the same region. They appeared in July and 
August, in the hottest season, on the sides or the tops of the full-grown semi- 
mature or mature pods. 



Fig. 1, Pod spot of pepper. 

At first, lesions are bright-colored, somewhat sunken. In dry weather 
the dead skin of the spots becomes parchment-like, hard and dry; if damp 
weather prevails, the mold layer mentioned may develop on it. The spots 
often become very large, sometimes extending over almost the whole pod 
making it in every case unmarketable. 

Pod spot is not unknown. In Florida, similar symptoms characterize 
^^siuiscald^’ or- 'blossom-end rot,’^^ in Hungary " Dorrfleckenkrankheit (dry 
spot disease). In Florida the damage in some years reaches 50 per cent. 

^ "Weber, G. F. Diseases of peppers in Florida. Fla, Agr. Exp. Bta. Bui. 244. 1932. 

2 Szirmai, J. Die ^'Dorrfleekenkrankbeit^^ (Hitzesehaden) des Paprikas. Phytopatb. 
Zeitschrift 11: 1-13. 1938. 
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In Hungary 4 to 12 per cent is said to be tbe average loss, xiccording to 
G. F. Weber, the Florida author, the possible causes are either the destroy- 
ing effects of direct sun rays (suuseald) or insufficient or fluctuating water 
supply (blossom-end rot) . This author says that the two diseases are likely 
to be confounded with each other but can be distinguished by the position of 
the spots. In suUseald the spots are on the sides of pods, while blossom-end 
rot appears on the top (blossom end) of the fruits. Szirmai, who studied 
the disease m Hungary, believes that the spots are not caused by radiation 
but by heat. He was able to reproduce similar spots by hot air of 50-52° C 
provided that the fruits were moistened with water. Now these conditions 

sunlight the temperature sometimes may be 

Sr ;; ? ^ be present, at least in arid regions 

rhe results obtained by Szirmai are not to be doubted, but we cannot believe 
that the pod spots always are brought about in the same manner in nature 
lod spot occurs in many pepper fields in Turkey, and sometimes up to 
30 :^r cent and more of the fruits are made useless by the spots. 

Oa eontaminations, fungi or bacteria could not be 

- und m the diseased fruit tissue nor isolated from it. Therefore, the dis- 
ease should be considered a physiological one, caused by adverse conditions 
w L between suuseald and blossom-end rot, as given by 

eber, did not always hold. In most eases the spots were lateral often 

MltvZ! tliey were limited to the top 

All types occurred in one field and close to each other, thus indieatino- the 

symptoms of pod spot generally resemble somewhat those 
of blossom-end rot of tomatoes. In closely related plants, such as the solan- 
aceous species, pepper and tomato, every local breakdow i of the fmi -wal 
issue may result in similar symptoms. In a few cases spots of the Jme 

ZTftT «P««es. On the other hand, it is possible 

.hat the same cause may result in different localization of spots in pepper 

and tomatj since their fruits are constructed differentlv in spite of the rda 
tionship of the two species. Pod spots in the natNe vartr'Donmts' 

ThpA-!-^”^^* “ important role in the origin of the dama-e 

01 W “ midsummer: In t£ hot^ays 
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Localization of the spots towards the sun, however, strengthens the assump- 
tion of an effect of sunrays. In most cases, as has already been observed by 
Szirmai, spots are on the south side of the pod. But of 28 spotted fruits 
in a small experimental plot (Ankara, 1940), for instance, 3 w^ere spotted 
on the east side, 19 on the south side, 6 on the west, and none on the north 
side. These observations seem to indicate ' ' sunseald. ’ ’ However, the effect 
of the sun cannot be such a simple one. Weber, too, supposes that other 
factors must join the radiation of the sun in order to produce the disease: 
''Sunseald is also common on varieties that show poor, little or no growth.’' 
Furthermore, ‘'some possible contributing factors in respect to these areas 
are . . . sections protected by woods and hillsides” and "lighter, more thirsty 
soils.” 

WATER BALANCE IN PEPPER 

The similarity of conditions accompanying sunseald and blossom-end rot 
lead us to question the effect of disturbed water balance. In 1940, at the 
time that pepper-pod spot was severe in the experimental field at Ankara, a 
heavy attack of blossom-end rot occurred simultaneously in a neighboring 
field of tomatoes. This raises the question as to whether there are signs of 
a disturbed water balance in the diseased pepper plants. To approach the 
solution of this question, the velocity of wilting in leaves of pepper was 
measured. Usually three leaves of similar area and level of insertion were 
cut from a pepper plant with many spotted pods and three corresponding 
leaves from a neighboring plant with healthy pods. To have a starting point 
as uniform as possible, the leaves were put in a inoist chamber for half an 
hour, then weighed, laid out in the laboratory for drying and weighed again 
after definite periods. In 1938, plants were taken at random from the same 
variety each time, from the experimental field of Bornova. In 1939, the 
plants taken for the experiments were all descendants of a single plant in 
each variety. These experiments have been repeated nine times, and have 
always given a uniform result: leaves of plants with many spotted pods 
wilted and lost weight more slowly than leaves of plants with healthy pods. 
For instance, in the five experiments with descendants of single plants, the 
percentage losses in weight were as in table 1. 

For technical reasons, it was not possible to make the readings at the same 


TABLE 1 . — Loss of fresh weight in wilting leaves of 'pepper 


Plants with, healthy pods 

Plants with spotted pods 

, Duration of 

Weight 

Duration of 

Weight 

wilting 

loss 

wilting 

loss 

Min. 

Per cent 

Kin. 

Percent 

81.5 

15.0 

80.5 

2.8 

80.5 

9.0 

81.0 

5.8 

29.Q 

1.7 

31.0 

1.3 

62.0 

16.1 

61.5 

13.3 

7.9.25 

21.9 

78.0 

16.3 
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time for comparable plants in each experiment. The rate of wilting was 
uniformly slower in leaves from the diseased plants than in leaves from 
healthy plants (Fig. 2 , A). In this experiment both plants from which 
leaves had been taken stood side by side in a plot of the experimental field. 
The healthy plant had 6 healthy pods, no spotted ones,- the diseased plant 
had 4 healthy and 12 spotted pods, the immature ones not being taken into 
account. Loss of weight in leaves is plotted against duration of wilting in 
minutes. If loss of water is plotted against area of the leaves, almost the 
same curve results (Fig. 2, B), thus indicating that no differences in thick- 
ne^ of the leaves are interfering. Therefore it is to be concluded that the 
plaSs^^^^ ™ involved physiological differences in the 

If one of two genetically and morphologically homogeneous plants is 
more resistant against wilting than the other, we must conclude that it is or 



plautranl\btpereerS« 

has been influenced for some time by a factor changing its physiological state 
m to direction. It seems likely that the factor involved consisto^^^^^^^ 

droSt mistanf b^ Periods endured by the plant. Plants become 

clrought-iesistant by repeated wilting. Thus we surmise that nod snotterl 

SSciS Tato™ n” by oie or several periods of 

fnr urn * ! assumed generally to be responsible 

at flie same time a few small but thorouglily healtky^fruits . 

act to be takeu into aeeoaut, Wver, i„ practical eXvatm orafoa er 
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hand, in the small gardens of vegetable growers at Izmir, where irrigation 
is practiced very diligently and regularly, and therefore periods of drought 
hardly occur, we almost never found pod-spotting of peppers. 

We have tried to produce experimentally pod spots in potted pepper 
plants by irregular watering. This experiment gave no conclusive results, 
our equipment being poor for such purposes, and there may have been rela- 
tively great fluctuations of water supply in the checks also. In any case, 
pod-spotting occurred in all pots. It was noted, however, that in the potted 
plants ill which fluctuations of water supply supposedly were greater than 
in the field, spotting was heavy by the end of June, while in the adjacent field 
the disease did not appear before the middle of July. 

In a small limited area of one field, up to 37 per cent of the pods were 
spotted. In this ease, the subsoil contained refuse of brick and stones from 
an adjacent building, A disturbed structure of the vSubsoil may result in 
fluctuations of the water supply. 

A striking feature of the disease is the occurrence of plants with healthy 
and plants with heavily spotted pods close to each other in one field. For 
this there is no explanation, for we know practically nothing of the physio- 
logical differences of individual plants. Perhaps small differences in the 
functioning of the roots may play a role. One -plemt was found with all its 
pods spotted. Its main root had been injured, either mechanically or by 
an insect. 

Although the data we have been able to collect are not wholly conclusive 
because of limitations of experimental work, we conclude tentatively that in 
the pod-spotting of peppers both sunscald and blossom-end rot are identical 
troubles. The damage to peppers is believed to occur during strong radia- 
tion of the sun, but only in plants which are or have been influenced by wide 
fluctuations of water supply. 

From the standpoint of practical control of the disease certain facts are 
obvious. Against sunrays there is no protection. Shading would impair 
the fruiting and ripening of peppers. But it is possible to avoid fluctuations 
of water supply. It is necessary to provide moderate but frequent irri- 
gations. 

Central Institute OF Plant Protection, 

Ankara, Turkey. 


THE PREVALENCE OP THE WHEAT NEMATODE IN 
CHINA AND .ITS CONTROL^ 

Vong-May Ohu 

(Accepted for publication September 10, 1944) 

Tlie nematode disease of ivlieat, caused by Angiiina tritici (Steinbnch) 
Filip jev AngtdlhiUna tritici (Steinbueb) Gervais and v. Beneden) 

Tylenchus tritici (Steinbnch) Bastian) was first found in China in the 
vicinity of Nanking in 1915. The actual damage caused by this disease was 
recognized by T. H. Shen and co-workers (15), who reported that the nema- 
tode disease of irheat is found in China from north of the Yellow River to 
south of the Yangtze River. The damage amounts to about 30 per cent at 
Hsuehow and about 10 per cent at Nansuchow. 

The problems concerning distribution and control of the nematode dis- 
ease have been investigated by the writer since 1933. This paper reports the 
results obtained up to 1942. 

GEOGRAPHIC DISTRIBUTION 

The distribution of this disease in China was determined by examining 
seed samples collected from different districts. It ivas considered that the 
results obtained by this method were reliable, since more than 88 per cent 
of the records obtained from sample examination corresponded with actual 
counts of diseased heads in several districts. Samples were collected in 1313 
counties in 21 provinces throughout the territory of the Republic of China 
except in Tibet, Mongolia, and Manchuria. A total of 5335 samples of wheat 
seed were collected and examined. In addition, wheat fields in 165 counties 
in 20 provinces also were examined. The data show that the wheat nematode 
occurs in practically erevy wheat-growing region in China, although its 
prevalence varies somewhat in different provinces. 

ECONOMIC IMPORTANCE 

In the provinces of the main wheat belt, more than 13 per cent of the seed 
samples were contaminated with nematode galls, with percentage of con- 
tamination ranging from 0.01 to 5 and mostly from 0.1 to 1.0 j and more 
than 29 per cent of the wheat fields examined were infested, with percentage 
of infestation ranging from a trace to 50 and mostly from 5 to 10. It was 
not uncommon for a single mill to discard daily 100 bushels of galled wheat 
out of 30,000 bushels. 

The quantity of nematode galls in the seed, or the number of infected 
heads in the field is not an accurate index of the damage caused by this 
disease. Leukel (11) reported that many infected plants are killed in the 
seedling stage, only a few galls are developed from infected heads, and many 

^ ^ Phytopathology extends the courtesy of its journal pages to scientists in other coun- 
tries who are persevering in research under difficult wartime conditions and are temporarily 
deprived ot the opportunity for membership in the American Phytopathologieal Society. 
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of the galls in the seed are blown out during the threshing process. During 
the present studies the following facts were observed : (1) When artificially 
inoculated seed is planted, not more than 54 per cent of the infected seed- 
lings are able to survive until heading. (2) About 80 per. cent of the badly 
infected heads die before maturity and produce few galls or none at all. 
(3) Not more than 30-90 per cent of the original quantity of galls are found 
in threshed grain, the remainder having been removed during threshing and 
refining. (4) The infected heads cannot always be diagnosed correctly. 
Most of the partially or lightly infected heads, and even some of the severely 
infected heads can easily be overlooked. In examining 5851 diseased heads 
of 34 wheat varieties, by dissecting all the flowers in every spikelet, only 
22 per cent of the partially diseased heads and 95 per cent of the severely 
infected ones were diagnosed correctly. 

On account of these facts, the actual reduction in yield is far in excess 
of that indicated by the quantity of nematode galls found in the wheat seed 
and in diseased heads. Experiments have demonstrated that the actual 
reduction in yield will amount to 5, 30, 54, and 69 per cent when the weight 
of the galls in the wheat seed is 0.01-0.09, 2-2.9, 6-6.9, and 8-8.9 per cent 
of the total weight of the mixture. According to Crop Reports’’ published 
by the Division of Rural Economics, National Agricultural Research Bureau 
(1) , the annual production of wheat in China is about 850,000,000 bushels. 
The reduction in yield caused by this disease is estimated to be about 11,- 
200,000 bushels. 

VARIETAL. RESISTANCE 

Leukel was the first investigator to test the different varieties of wheat 
for resistance against the wheat nematode. He (11) failed to find any sig- 
nificant difference ill the amount of infection among the different wheat 
varieties tested, but later (12) found that Kanred was more resistant than 
a number of other varieties. Leukel’s observations were confirmed by S. C. 
Teng (see 15) who, during 1930-1931, inoculated Kanred seed and also the 
seed of many Chinese varieties of wheat. None of the Chinese varieties had 
less than 50 per cent head infection, while only 12 per cent of the Kanred 
variety was infected. 

Experimental studies to determine varietal differences in resistance to 
nematode w^ere started by the writer in the fall of 1936. At that time, in 
cooperation with C. Y. Chow of the National Central University, seeds of 
72 Chinese wheat varieties were inoculated with galls and planted in the 
field. From the fall of 1937 up to 1942, the 1677 pure strains obtained by 
head selection in China, were added to the list, and these experiments were 
carried on in Chansha, Hunan, and in Kweiyang, Kweichow. Only 5 strains, 
selected from the tested samples, had little or no infection during the six 
years’ experiments. Those were P.C. 876, P.C. 690, P.C, 633, P.C. 171, and 
Hsuchow Resistant No. 2. The maximum infection in these varieties did 
not exceed 0.56 per cent in weight of galls in the threshed grain, though some 
injury was apparent during the seedling stage. Yields of these strains have 
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been compared witli those of the most common varieties grown in 1940-1942 
in Kweichow province. P.C. 171 and Hsuchow Resistant No. 2 are not well 
adapted to the climatic conditions of the sonth^vestern sections of China 
where their yields are rather low. The yields of P.C. 633, P.C. 876, and 
P.C. 690 are as good as, or even better than, the yields of commercial varie- 
ties. The main disadvantage is that they niatnre too late. It is desirable 
to have early maturing wheat varieties, in order that the wheat fields can 
be planted to rice on time. 

PREVENTIVE MEASURES BY CULTURAL PRACTICES 

Crop rotation to reduce the amount of nematode infection has been 
recommended (1, 7, 11). According to Leukel (11) this is valuable in North 
America. Fields in the infested areas that previously had grown crops other 
than wheat for one or two years had less infection than fields that had been 
planted in wheat continuoiisly. However, the writer doubts that soil infes- 
tation is a serious problem in China, where wheat is often followed by rice. 
Continuous flooding of the rice fields is needed from transplanting to the 
ripening of the crop. In 4 years’ experiments the percentage of nematode 
infection was highest (3.75 per cent) in the wheat crop grown from clean 
seed in clean soil, that in the crop grown from clean seed sown in infested 
soil was less (0.20 per cent), and that in the crop grown from clean seed on 
soil previously planted to wheat infested with nematode but with an inter- 
vening paddy crop was lowest (0,04 per cent). These results indicate l^iat 
soil infestation is not important, especially when wheat is followed by rice. 

CONTROL MEASURES BY SEED TREATMENT 

A control program for this disease must be based on the elimination of 
the nematode galls that are mixed with the seed. Seed treatments that will 
eliminate the galls and are simple to apply appear to afford the most effec- 
tive method of control. Various control measures including fanning, screen- 
ing, hot water dip, chemical treatment, sedimentation by salt brine, flotation 
in water, and separation by means of an indented cylinder or ‘‘trieur” have 
been suggested by workers in different countries. Unfortunately none of 
these methods is entirely effective. 

Fanning has been recommended by Cobb (see 7) hut the effectiveness of 
this method has not been demonstrated. According to Coleman ^nd Regan 
(7) 40 to 45 per cent of the galls remain in the wheat even if the fan revolves 
850 times per minute. The writer confirmed these results and found that 
famiing, by the method most commonly used by farmers in China to remove 
impurities from the grain, resulted in complete removal of the galls from 
only 6 of 357 samples. The difficulty of separating the galls from the grain 
by this method is due to the comparatively slight difference in relative weight 
between the galls and the grain kernels. 

Screening is the simplest way for the farmers to achieve gall eradication 
and is commonly practiced in China as well as in other countries. This treat- 
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ment is based on the difference in size between the nematode gall and the 
sound wheat. Sound kernels of Triticum polonicum and of the wheat variety 
Hsuchow 405 were accurately measured as were the nearly globular nema- 
tode galls. The ratio of kernel length to gall length is approximately 5 : 1 
for both wheats ; that of kernel width to gall width is 1 : 0.88 in T. polonicum 
and 1 : 0.78 in Hsuchow 405 ; and that of kernel thickness to gall thickness is 
1 : 0.71 iii both wheats. In some cases several small galls may fuse to form 
a compound gall that is always wider and thicker than the wheat kernel. 
If contaminated wheat is screened or sieved some of the galls fail to pass 
through the sieve or a large quantity of small grains pass through. The 
writer found that screening 390 grams of wheat containing 0.92 per cent of 
galls, by a method generally used by farmers, reduced the total weight of 
grain to 342 grams, while 0.05 per cent of the galls remained in the mixture. 
These results confirm those of Coleman and Began (7) and Jones and his 
CO workers (10). 

The use of brine to remove the lighter infected grains from wheat seed 
was independently worked out by Muller in Germany and by Jackzewski in 
Eussia in 1904. Muller used 30 per cent sodium chloride, while Jackzewski 
used 20 per cent sodium chloride. It was first applied in the control of wheat 
nematode in North America by Byars (5) in 1919. The considerable differ- 
ence in specific gravity between the grain and the nematode gall, makes it 
possible to separate the two bodies. Although this method is considered very 
effective as a control measure, it is impractical in China on account of the 
scarcity and expense of salt in many sections of the country. 

Coleman and Began (7) suggested a method to remove the galls from 
sound wheat by floating infected wheat in water. Since the specific gravity 
of galls is 0,8125 it is not necessary to increase the density of water by using 
table salt. If the galls are kept in water for some time, they will imbibe 
enough water to sink. Observations made with galls collected from differ- 
ent regions show that the galls will fioat on the surface of fresh water for 
about five minutes. Consequently, the fresh water method will not be effec- 
tive unless the operator can remove the galls right after the contaminated 
wheat is poured into the water. Although it is possible by this method to 
remove 96 per cent or even 100 per cent of the galls in the wheat, as well 
as to eliminate most of the seeds of many obnoxious weeds, it cannot be gen- 
erally practiced in China for a number of reasons. The drying of moist 
grain is the most difficult problem, requiring considerable space for spread- 
ing and constant attention in order to avoid heating and sprouting of the 
grain. This is especially serious in southwestern China where the regular 
seeding time of the wheat crop occurs during the autumn rainy season. 
Another disadvantage of this method is the need for a considerable amount 
-of water. This is a limiting factor in the mountainous districts where it is 
difficult to obtain water. 

Since there is a difference in the heat resisting ability between wheat and 
the nematode gall, Bessey (2) recommended the hot- water treatment to 
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remove the source of infection. Marcinowski (13) also proved that the 
nematode galls in a grain mixture can be destroyed by steeping the mixture 
for 10-12 minutes in water at 54-56'" C. Byars (4, 5) and some other in- 
vestigators (7, 10, 11) have advocated Johnson's modified hot-water method 
(9) which involves presoaking the seed in cold water for severah hours, after 
which it is dipped in water at 54° C. for 10-15 minutes. The writer’s experi- 
ments also demonstrated the necessity of presoaking. Presoaked galls are 
destroyed when kept in water at 50° C. for 10 minutes or at 55° C. for 5 
minutes, whereas the dry galls can withstand the same temperatures and 
dipping periods. The difficulty in obtaining large quantities of hot water, 
and the same difficulties encountered with the floating method, make the 
hot-water treatment impractical for general use in China. 

Chemical control measures are based on the difference in resistance 
against the toxic action of chemicals between wheat and the nematode gall. 
Bavaine (8) recommended soaking wheat in 0.6 per cent sulphuric acid for 
24 hours. The results of Pennetier (14), Byars (6), and Marcinowski (13), 
obtained with different disinfectants, agree with those of Somerville (16) 
who decided that the contaminated seed could not be thoroughly disinfected 
without injuring the wheat. The writer also experimented with some com- 
mon disinfectants such as sulphuric acid, corrosive sublimate, copper sul- 
phate, carbolic acid, and formaldehyde. Of these, the corrosive sublimate 
appeared most effective and copper sulphate the least Experimental data 
indicate that all or nearly all the nematodes are killed after 3 hours in a 1 
per cent solution of corrosive sublimate, after 4 hours in a 2 per cent solution 
of carbolic acid, or after 5 hours in a 5 per cent solution of formaldehyde ; 
but they survive more than 2 hours in a 5 per cent solution of sulphuric acid 
and 5 hours in a 5 per cent copper sulphate solution. The resistance of galls 
against the action of certain chemicals varied according to their state of 
dryness. Dry galls are less resistant to chemicals than galls that have been 
presoaked. For example, when dipping dry galls in a 2 per cent solution of 
formaldehyde, 5 per cent survived 5 hours, but when presoaked galls were 
treated with a similar solution for the same time, 17 per cent survived. It is 
quite possible that presoaking diminishes the disinfectant qualities of the 
solutions. Braun (3) believes that presoaking causes the seed cells and cell 
walls to become saturated with water, so that the disinfectant cannot enter 
the organism in sufficient concentration, and the amount of disinfectant 
solution absorbed is also greatly diminished. 

Machines for Seed Treatment 

Eecently Jones and co workers (10) develop|(? a method to separate 
mechanically the nearly globular galls from the oval wheat seed. A common 
weed-eradicating machine, a so-called ^Hrieur,” was constructed with a fully 
and hemispherieally indented cylinder. According to these authors, their 
method was approximately 98 per '‘cent effective. It is less expensive to 
operate than the brine treatment, it requires less skill than the hot- water 
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method, and is not so laboxdons as the water-flotation method. It may be 
considered, therefore, as the most reasonable and practical means to control 
the wheat nematode. Unfortnnately the so-called ‘HrieurV’ cannot be ob- 
tained in China and although this machine removes 96.7--98.9 per cent of the 
infections bodies present in the wheat, it is probable that the 3.3-1.1 per cent 
of galls remaining may start a new epidemic. 

During 1938 the writer in cooperation with S. T. Tsie, senior technician 
in the Department of Enral Engineering of the Kweichow Provincial 
Bureau of Agricultural Improvement, designed a wooden machine now 
known as the ‘^wheat-nematode eliminator,” which separates the nematode 
galls from the sound grain. It is easily constructed and the cost is within 
the means of the farmer purchasing power. 





Fig. 1. Photograph of wheat-nematode ^eliminator. 

The construction, process of manufacture, and directions for use of this 
machine were published in 1940 (17). Since then some improvements have 
been made. The improved machine is now manufactured in large quantities 
and is used extensively. It is made entirely of hard, light, durable, and 
finely grained wood, such as catalpa. It consists of a grainhopper, a grain 
conduct, a separating cylinder, a gall rejector, a gall receiver, a seed chute, 
a rotator, and a frame (Pig. 1). The separating cylinder, 80 cm. long and 
25 cm. in diameter, is supported on the frame in a slightly inclined position 
by anterior and posterior bearings. It is turned by a rotator which consists 
of two ratchets, one centrally attached to the circumference of the cylinder, 
the other fixed on the frame at a right angle to the former. The inner- wall 
of the cylinder is densely and evenly indented with hemispherical concavi- 
ties 4 mm, in diameter. The gall receiver is placed inside the cylinder and 
consists of a V-shaped tray attached to the frame by two removable bottom 
plates. 
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The V-shaped tray is placed in the cylinder so that the top of the tray 
will be at a height approximately two thirds of the radius above the center. 
The tray has a length equal to that of the cylinder and has two holes through 
which the galls are removed by means of a gall ejector, operated by hand, 
which pushes or pulls the galls to the hole in the anterior end of the tray. 
The galls drop through the gall rejector, a tubular chute. 

The grainhopper is filled with infected wheat, and by means of the 
adjustor a reasonable quantity of grain falls successively through the gate 
into the grain conduct, and then drops to the bottom of the cylinder. The 
rotator turns the cylinder evenly, the grains move gradually to the anterior 
end of the cylinder, and the galls are separated from the grain and lifted 
in the cylinder concavities to the top of the tray. The galls fall through 
holes of the cylinder wall into the tray of the gall receiver. The ejector is 
then drawn to collect the galls and permit them to fall through the anterior 
hole in the tray into the rejector chute. The cleaned seeds move slowdy to 
the anterior end of the cylinder and finally fall on the grain chute, which 
discharges them into a suitable container. A single worker may separate 
34 to 45 bushels of grain within 10 hours. For the successful operation of 
this machine the degree of inclination of the cylinder should not be over 
1.5 per cent; otherwise the separation of the galls will not be complete. 
Experiments have shown that only 96 per cent of the galls are removed when 
the cylinder is inclined in 2 per cent of its length, while the efficiency of 
separation may be increased to 99.7 per cent or 99.95 per cent as the inclina- 
tion is decreased to 1.5 per cent or 0.5 per cent. The most satisfactory 
results have been obtained by regulating the speed from 60 to 95 revolutions 
per minute. Though the speed of revolution does not greatly affect the 
efficiency of gall separation, considerably more grain is wasted if the machine 
rotates too fast. 

Several demonstrations of this equipment were given in different dis- 
tricts in Kweichow province during 1939-1942. In the 1941 harvest in 
Kweiyang and Wheisui 99.99 per cent of the plants sown from treated grain 
were healthy, and on the average the treatment for nematode increased the 
yield by 15 per cent. After this excellent showing, the writer and his co- 
workers conducted a demonstration campaign in districts of Kweichow^ 
province, where the wheat nematode is prevalent. A total of more than 
8,000 acres were sown with mechanically cleaned seed, resulting in a yield 
increase of 25,000 bushels. 

CONCLUSIONS 

During the last 3 years various comparative experiments have been made 
in the methods used to control wheat nematode in China. 

Panning is practically useless since treated seed yielded 2.7 per cent 
galls, while in the check plot 2.4 per cent of galls were found. 

Screening gives good results in controlling the nematode but may result 
in the loss of some of the grain. 

Hot water varies considerably in the efficiency of disease control. In 
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some cases it reduced the percentage of infection to 0.01 per cent but in other 
eases as high as 4.3 per cent of galls were found. 

Water flotation is efficient. This treatment reduced the disease to 0.13 
per cent in contrast to 2.3 per cent in the untreated grain, and it also in- 
creased the yield by 14 per cent over that of the check plot. 

Salt brine sedimentation has completely eliminated the nematode galls in 
treated seed lots. If there were no need to consider the expense of salt, this 
would be one of the most effective control measures for wheat nematode, and 
would compare favorably with the mechanical separation method using the 
special wooden gall-separating machine. 

In the three years ^ experiments, the wheat-nematode eliminator machine 
has been the most effective and useful means for controlling the disease in 
China. 

The National Agricultural Research Bureau, 

Ministry OP Agriculture AND Forestry, 

Pei Beh, Chungking, Szechuan, China. 


literature CITED' 

1. Anonymous. Wheat-acreage and x3roduction, 1938-1942. Chinese Handbook. Series 

No. 15, p. 16. 1943. 

2. Bessey, E. A. A nematode disease of grasses. Science 21: 391-392. 1905, 

3. Braun, H. Presoaking method of seed treatment : A means of preventing seed injury 

due to chemical disinfectants and of increasing germicidal efficiency. Jour. Agr. 
Ees. [U.S,] 19: 363-392. 1920. 

4. Byars, L. P. A serious eelworm or nematode disease of wheat. U. S, Dept. Agr. 

Oirc. 114. 1918. 

5^ . The eelworm disease of wheat and its control. U. S. Dept. Agr. 

Farmers’ Bull. 1041. 1919. 

. The nematode disease of wheat caused by TylenGlms tritici . V . S. 
Dept. Agr. Bull. 842. 1920. 

7. Coleman, D. A., and S. A. Regan. Nematode galls as a factor in the marketing and 

milling of wheat. U. S. Dept. Agr. Bull. 734. 1918. 

8. Davaine, 0. Reeherehes snr Panguillule du ble nielle. 80 pp. Paris. 1857. 

9. Johnson, E. C. The smuts of wheat, oats, barley and corn, XT. S. Dept. Agr, Farm- 

ers’ Bull. 507. 1912. 

10. Jones, G. H., and Abd El Ghani Seif El Nasr Efp. The control of eel worm dis- 

ease of wheat. Technical and Scientific Service. Myeological See. Minist. Agr. 
Egypt Bull. 180. 1938. 

11. Leukel, R. W. Investigations on the nematode disease of cereals Caused by Tylen - 

chus tritici . Jour. Agr. Res. [U.S.] 27: 925-955. 1924. 

12. . The nematode disease of wheat and rye. H. S. Dept, Agr. Farmers ’ 

Bull. 1607. 1929. 

13. Marcinowski, K. Parasitisch und semiparasitisch an Pflatizen lebende Nematoden. 

Arbeit. Kaiserl. Biol. Anstalt Land- u. Forstw. 7: 1-192. 1910. 

14. Pennetier, G. Limite de la Resistance vitale des Anguillnles de la Nielle. Compt. 

Rend. Acad. Sci. (Paris) 103: 284-286. 1886. 

15. Shen, T. PL, S. E. Tai and W. L. Chia, A preliminary report on the inheritance of 

nematode resistance and length of beak in a certain wheat cross. Coll. Agr. and 
Forest., Univ. Nanking, Bull. 19. (N.S.) pp. 1-17. 1934. 

16. Somerville, W. Ear cockles in wheat. Jour. Ministry Agr. (London) 26: 907-909.. 

1919. 

17. Tsie, S. T., V. M. Chu, S. M. Chang, and T. Tsuang. Ways and means of controlling 

wheat nematode. Jour. A grie. Assoc. China 170: 36-50. 1940. 



Walter N. Ezekiel^ 
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The root-rot fungus, Phymatotrichum omnivorum (Shear) Duggar, has 
long been recognized among plant pathogens as one that is favored by warm 
weather, although it was known also that the fungus continues spreading 
sbwly during winter along the roots of cotton plants whose tops have been 
killed by frost (15). Several workers determined the effect of temperature 
on growth of the fungus in the laboratory. Minimum, optimum, and maxi- 
mum temperatures for production of sclerotia were reported (5) as 18°, 29° 
and 36° 0., respectively. Eogers (13) found that growth and production 
of sclerotia by P. omnivorum was greatest about 27° C., and still- occurred at 
11° C. ; there was no growth at 3° C., but the fungus was not killed by expo- 
sure to this temperature for 60 days. Virulence of the fungus was retained 
longer in naturalty-iufeeted cotton roots stored at 1° to 2° C. than in roots 
stored at higher temperatures (16). Previous studies thus agree that P 
ommvorum grows best at 27° to 29° C. but apparently is not injured by 
rather long exposure to temperatures just above freezing. There appears 
to have been no exploration of the effect of more intense cold on the fungus 
prior to the experiments reported herewith. 

Many other fungi which occur in warm climates are found in cold cli- 
mates also, and survive exposure to very Tow temperatures. Kiircher (7) 
isted a group of fungi {mahxAmg ScUzophyllum commune, Armillaria 
meUea, Aspergillus wiper,, and PenicilKum glaucum) which in malt ao'ar 
r ^ - 70° C., and for 13 hours at - 183° 

^ To\ i ^ ® ^^owii-iot fungus, ^clerofiiiia {Monilinia) fructicola, 
artram (2) found some spores and cnltnres to survive winter temperatures 

rot of apVles at^0° C ^ measurable 

The question has arisen on several occasions as to whether P%waio- 
l ichum ommvorum, although favored by higher temperatures, might not 

thisM t f ‘l^"«tion is whether 

destructive fungus would survive if introduced into areas 
north of the present range, or whether it might succumb to low soil tempera- 
tures during the Winter. ^ 

MATERIALS AND EXPERIMENTAL CONDITIONS 

Since Phymatotrichum omnivorum overwinters either as vegetative mv- 
eelium on roots or as sclerotia in the soil, both stages of the fungus ^u^d 
m the experiments. The material, uniformly of isolate 24, was as folCs: 
the TexL "" Technical Contribution No. 865 of 

Station: now Senior 
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A. Vegetative growth in young slants, started 20 days before exposure. 
Cultures were on potato-dextrose agar in small tubes of 12-mm. diameter. 
After the period of exposure, viability was determined by making transfers 
from the upper half of the slants, away from the original inoculum. 

B. Masses of sclerotia, produced and still in place on the walls of flask 
cultures (6). The flasks were placed in the various temperature compart- 
ments, and removed briefly at appropriate times for transfers to agar slants. 
Such transfers were made always with small portions taken from areas in 
the large sclerotial masses (often as large as 1 x 3 x 12 cm.) that had not been 
disturbed previously, so each transfer was from a new and comparable por- 
tion of the sclerotial mass. 

C. Cut portions of sclerotial masses, produced in flasks, placed asepti- 
cally in agar slants just before exposure to the test temperatures. The 
sclerotial mass was cut into pieces about 1 x 1 x 2 mm., and these portions 
placed on the agar slants about 15 minutes before the tubes were installed 
in the various temperature compartments. After exposure, tubes -were 
taken to the incubator room, where possible growth could be observed with- 
out further manipulation. 

D. Cut portions of sclerotial masses, in moist soil. Portions cut as for 
C were placed in smalP cork-stoppered vials (2x5 cm.) of Houston black- 
clay-surf ace soil, adjusted to 34.4 per cent moisture content on an oven-dry 
basis. After exposure to the test temperatures, the vials ^vere taken to the 
incubator room, where possible development of strands of the fungus along 
the walls of the vials could be readily observed, just as in the larger soil- 
chambers used to determine the viability of the fungus in infected roots (15) . 

Temperatures used in the experiments were provided as follows ; 

Freezing compartment,^ in which cultures were placed inside a double- 
eorrugated-cardboard box, itself inside a metal container. Throughout the 
inner box, the temperature to which the fungus was exposed wms rather 
uniformly - 13° C. (8.6° F.). 

Shelf in refrigerator, at 5° C. (41° F.). 

Shelves in incubator room, at 28° 0. (about 82° F.). 

All final observations of viability of the fungus were made at 28° C., 
following exposure of material to lower temperatures for the periods speci- 
fied. Cultures were held for several months before discarding the tubes or 
vials with no growth, ^ 

The periods of exposure as tabulated refer to the total time that the con- 
tainers remained in the temperature compartments. Particularly at the 
lowest temperature there was undoubtedly a lag, perhaps of several hours 
before the fungus material itself cooled to the compartment temperature, 
Thei’mometers installed inside individual tubes, flasks, or such containers, 
and observed when material was i*emoved, showed that the experimental 
temperatures were reached before the fungus was killed, but the lethal time 

3 The -writer was indebted to Dr. Jessie Whitacre, Chief of the Division of Eural 
Home Besearch, Texas Agricultural Experiment Station, for making space available for 
this work. 
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of exposure presumably was somewhat less than the recorded time inside the 
compartment. 

RESULTS 

Three types of material, young cultures, sclerotial masses still in place 
on the walls of flasks in which they were produced, and portions of sclerotial 
masses resting on agar slants, were exposed for periods of from 18 hours to 
50 days to the 3 experimental temperatures (Table 1). Irrespective of the 
type of material, Phymatotrichum omnivoriim was killed by exposure to 
-13° C. for 2 days or longer, Avhile some growth occurred with each type of 
material that had been exposed to this low temperature for only 18 hours. 

TABLE 1. — Survival of Fliymatoirielmm omnivorum in the form of myoelial cultures 
selerotial masses, and small portions of sclerotial masses on agar slants, at the tempera- 
tmes indicated {All run in duplicate, with results similar except for one pair as noted) 

Gi’OAvtli (+) or lack of growth (-) from following material, after exposure 
_ to the temperatures indicated 


Period of 
exposure 


18 hours 
2 days 
4 

7 

12 

19 
26 
50 


20-day agar slants 


Sclerotial masses 
ill original flasks 


Sclerotia on agar 
slants 


-13° 0. 5° C. 28° 0. “13°C. 5° 0. 28° 0. — 13° C. 5° 0. 28° C. 


“ Growth from only 1 of the duplicate cultures. 

Eefrigeration at 5° C., even for a prolonged period, did not reduce 
growt of the fungus after transfer to 28° C. However, at 5° G no visible 
growth occurred on agar slants that had been seeded with portions of scle- 
rotial material, although the later growth after transfer to 28° C proved 
that this material was viable. At 5° C. evidently growth was prohibited but 
the fungus was not killed. 

^ Since in the first experiment the freezing temperature had killed the 
imgus in all but the shortest period of exposure, a second series was run 
with a single type of material, removed from the temperature compartments 

««lerotial masses on agar slants 
(mateiial G) were exposed to low temperatures for periods from 15 hours 
to 7 days with the results given in table 2. Again, the refrigeration at 5° G 
had no deletenous effect. Exposure to -13° G., on the contrary, reduced 
vmbihty wdhm 15 hours so that not more than 2 of 3 slants removed at any 
r^rkl 39 hours had killed the remaining 

_ In a third experiment, the effect of freezing under more natural condi- 
tions was considered by use of sclerotial material placed in vials of moist 
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TABLE 2. — Survival of scleroiia of P. omnivor nm, pUced on agar slants and exposed 
to the temperatures indicated (Bmi in triplicate) 


Period of Growth (+) or lack of growth (-) after exiiosure to 

-13° C. ~ 5°C. 

15 hours +a + 

17 +a + 

19 ' ' +a , 

21 - + 

24 +a X 

39 '' - 4- 


2 days 

3 


■f 



a G-rowth fi’om only 2 of the triplicate cultures. 

Houston soil. This soil had not been sterilized and was fairly comparable 
to a favorable soil under field conditions. At -13*^ C. the selerotia in the 
moist soil died within 19 hours (Table 3) ; the sclerotial masses left in the 
flasks survived for this period but were kilted within 21 hours. At 5° C. 
there was uniformly no loss of viability during the 5-day-maxiinum exposure. 


DISCUSSION 

The three experiments reported have shown that Phymatot7Hchitm omni- 
V07ntm is highly sensitive to a freezing temperature. In none of the forms 
tested Avas the fungus Auable after exposure to -IS"^ C. for longer than 24 
hours. 

This sensitmty to a low temperature presumably explains the northward 
limitation of the range of Phymatotrichum root rot. Figure 1 shows the 
general area in wdiieh root rot has so far been found, from a point in southern 
Utah southward into Mexico (Avhere the southern limit is yet to be estab- 


TABLE 3. — Survival of P. omnivor im in the form of sclerotial masses, dry on the 
walls of flaslvs where produced, and as small portions of these masses in vials of moist 
soil, at the temperatures indicated (Eun in duplicate) 



Period of 
exposure 


Growth (+) or lack of growth (-) of the following material, 
after exx)Osure to the temperatures indicated 

Sclerotial masses in Selerotia in moist soil 

original flasks in small vials 

-13^0. 5<^C. ~13°G. 5°C. 
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lished), and from the eastern margin of Texas westward to southern Cali- 
fornia (4, 8, 9, 10, 11, 12, 14). Superimposed on this map are two isotherms, 
a solid line representing an annual mean temperature of 60"^ F. (from Cli- 
mate and Man, 1, p. 703), and a broken line delimiting the area with a lowest 
observed temperature of - 10° F., between 1899 and 1938 (1, p. 709). These 
isotherms, particularly the latter, follow rather accurately the northern 
limit of occurrence of root rot from Arkansas west to Nevada. At the 
extreme western and eastern limits of this area, other conditions appear to 
limit spread and the temperature no longer seems the important factor. 

It may be noted that the correlation of occurrence of root rot with the 
accumulated weather records is good also with different summations of tem- 
perature data. An average January temperature of 40° F. (1, p. 704) , or an 
average July temperature of 80° F. (1, p. 705), or an average annual mini- 
mum temperature of 5° F. (1, p. 707), agree nearly as well with the limit 



of root-rot areas as the 60° mean temperature. An average annual snow- 
fall of 10 inches (1, p. 727) and an average frost-free period of at least 200 
days (1, p. 746) are only somewhat less in agreement. 

Soil-temperature conditions suitable for continued survival of Phymato- 
trichum omnivorum thus have occurred over a period of years within the 
climatic area delimited by the temperature indices mentioned. In other 
words, root rot has persisted where the temperature has not fallen below 
-10° F. (-23° C.), where the annual mean temperature has been 60° F. 
(15.6° C.) or higher, and where the frost-free period has averaged at least 
200 days a year. As was noted earlier (4) , the disease is increasingly preva- 
lent, within similarly favorable soil areas and with comparable rainfall, 
southward from the northern limit chiefly discussed here, along with further 
mcrease in temperature. It is quite possible that the final northern limit 
is set by the occasional very cold periods during which the fungus may be 
exposed briefly to unusually low (and lethal) temperatures in the soil, in line 
both with the sensitivity of P. omnivorum to short periods of freezing in the 
laboratory, and the rather precise delimitation of the northern limit of the 

root-rot zone by the -10° F. line (Fig. 1) as already noted. 
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It seems unlikely that P. ommvorum will survive in more severe climates 
unless some considerable cliange in sensitivity of the fungus to cold should 
occur. The data presented suggest little reason for alarm as to the possi- 
bility of much advance of the fungus northward, either by slow growth 
through the soil (such subterranean spread may be at a maximum rate of 
about one mile in 100 years) or by more rapid introduction on the roots of 
diseased plants. 

SUMMARY 

Phymatotrichum omnworum whether as vegetative growth on agar 
slants, in large sclerotial masses high on the walls of flask cultures, or as 
portions of sclerotial masses on agar slants or buried in moist soil, did not 
survive exposure in the laboratory to a temperature of -13° C. for more 
than 24 hours. At 5° C., growth wms prevented, but there was no reduction 
in viability even after 50 days. 

The northern limit of natural occurrence of root rot corresponds gen- 
erally with several summaries of recorded temperatures, and particularly 
well with the line at which lowest observed air temperatures reached - 10° P. 
(~ 23° C.). Coupled with the sensitivity to cold shown by the fungus in the 
laboratory experiments, this suggests that northward distribution of Phy- 
matotrichum root rot has been limited by prevailing temperatures, and that 
the fungus is not likely to become established north of the present root-rot 
area. 

LITERATURE CITED 

1. Anonymous. Climates of tlie United States (46 maps), pp. 701-747, in Climate 

and Man, YearlDOok of Agriculture, 1941. 

2. Barteam, H. E. a study of the brown rot fungus in northern Vermont. Phytopatli. 

6: 71-78. 1916. 

3. Brooks, Charles, and J. S. Cooley. Temperature relations of apple-rot fungi. 

Jour. Agr. Res. [U.S.] 8: 139-164. 1917. 

4. Ezekiel, Walter N. Cotton root rot in Texas in 1937, and conditions affecting its 

local prevalence. XT. S. Dept. Agi*., Plant Bis. Rptr. 22: 316-324. 1938. 

5^ ^ and B. 0. Neal. Report of the cotton-root-rot conference at Temple, 

Texas. Phytopath. 20: 889-894. 1930. 

0^ ^ j. j. Taubenhaus, and J. P. Pudge. Nutritional requirements of 

the root-rot fungus, PM/matotriGhum omnivonm . Plant Physiol. 9: 187-216. 
1934. 

7. Karcher, IIedwig. Kurze Mitteilung, Uber die Kalteresistenz einiger Pilze und 

Algen. Planta 14; 515-516. 1931. (Abst. in Rev. Appl. Mye. 11 : 318. 1932.) 

8. King, C. J. Phymaiotrichum omnworum found in Nevada. U. S. Bept. Agr., Plant 

Bis. Rptr. 20: 202. 1936. 

9. Larsh, Howard W. Summary report of plant diseases in Ohlahoma. 1943. IT. S. 

Bept. Agr., Plant Bis. Rptr. Supplement 149: 317-326. 1944. 

10. LeBbau, Prancis J. Phymatotrichum root rot on Cryptostegia grandiflora with 

notes on its distribution in Mexico. TJ, S, Bept. Agr., Plant Bis. Rptr. 27 : 278— 
280. 1943. 

11. Milbrath, B. Gr. Report on a survey for Phymatotrichum omnworum in San Biego 

County, California. U. S. Bept. Agr., Plant Bis. Rptr. 17: 15-16. 1933. 

12. Peltier, George L. Distribution and prevalence of Ozouium root rot in the shelter- 

belt zone of Texas. Phytopath. 27; 145-158. 1937. 

13. Rogers, C. H. The relation of moisture and temperature to growth of the cotton 

root rot fungus. Jour. Agr. Res. [H.B.] 58: 701-709. 1939. 

14. Streets, R. B. Phymatotrichum (cotton or Texas) root rot in Arizona. Ariz, Agr. 

Exp. Sta, Bull. 71: 299-410. 1937. 

15. Taubenhaus, J. J., and Walter N. Ezekiel. Studies on the overwintering of 

Phymatotrichum root rot. Phytopath. 20; 761-785. 1930. 

10. — — Walter N. Ezekiel, and J. P. Lusk. Preliminary studies on the 

effect of flooding on Phymatotrichum root-rot. Amer. Jour. Bot 18; 95-101. 
1931. 



INFLUENCE OF TEMPBEATUEE ON THE DUTCH ELM DISEASE 
IN POTTED AMEEICAN ELM 

L. J. Tylee^ 

(Accepted for publication December 4, 1944) 

The Dutch elm disease pathogen, Ceratostomella ulnii (Schwarz) Buis- 
man, grows little or not at all on artificial culture media at temperatures of 
33° C. and higher, and at 10° C. and lower it grows poorly.^- ^ Because of 
this behavior the influence of temperature on disease development in trees 
artificially inoculated with the pathogen was studied. The methods used 
and the information obtained are briefly summarized. 

In the summers of 1940, 1941, and 1942, about 200 potted American elms 
(Ulmus amerimna L.) were used in 6 different temperature experiments. 
To provide for uniform response to temperature and to the disease the trees 
were^ grown from cuttings; in height they ranged from 2i to 7 feet and in 
age from 3 to 4 years. Except for those used in one experiment all trees 
had completed | to | of their terminal growth ; the excepted trees had re- 
cently completed terminal growth before being used. In general, the vigor 
of all trees was good. 

Six different temperature chambers were used, and, in addition, outdoor 
conditions were utilized. The chambers were 7 to 8 feet high by 8 to 10 
feet square. The temperature series ranged from about 10° C. to about 
35° C. The minimum and maximum temperatures and relative humidities 
recorded for each chamber in the series, and for outdoors, from that of lowest 
temperature to the highest were respectively.- A. 9.5° to 12.0° C., 75 to 85 
per cent; B. 15.0° to 16.0° C., 80 to 94 per cent; C. 18.5° to 21.0° C. 76 to 
85 per cent; D. 12,5° to 20.0° C., 62 to 100 per cent (outdoors) ; E. 21.5° to 
25.0° C., 61 to 78 per cent (basement corridor) ; F. 26.0° to 29 0° C 69 to 
84 per cent; G. 32.0° to 37.0° C., 66 to 79 per cent. Except for the base- 
ment corridor, blowers circulated the air in the chambers and each was 
lighted by a 150-watt Mazda lamp. 

^ Inoculum consisted of distilled water suspensions of eonidia’’ from 10- to 
12-day-old cultures of a virulent line of Ceratostomella ulmi grown in Petri 
IS es on sterile, cellulose, beer-glass coasters soaked with potato-dextrose 
solution. The density of the spore suspension was adjusted to about i mil- 
lion spores per ml. 

Inoculation was accomplished by means of a 10-ml. hypodermic syringe 
equipped with a 11/16-ineh, No. LN special Beeton-Diekinson & Co. needle 
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having* the delivery aperture on its side near the point. After loading the 
syidnge with spore suspension the needle was inserted underneath the bark, 
on a tangent with the trunk circumference, at one point on each of two sides 
but at slightly different levels and about 14 inches above the soil level. As 
the needle was forced underneath the bark care was taken to injure some 
of the peripheral vessels of the wood to assure ingress. Tw^o ml. of spore 
suspension were delivered at each point. The method of inoculation used 
was the most expeditious and effective of many earlier tried and it had no 
appreciably injurious effects upon the trees. 

Usually the different groups of trees were placed in the temperature 
chambers 12 to 24 hours before inoculation. In one experiment the trees 
were inoculated just previous to their transfer from outdoors into the cham- 
bers. The experiments were performed during June and the first half of 
July in the different years. 

Exposure of the trees varied from one week to one month in the different 
experiments; in some experiments the period was fixed and in others it was 
determined by the development of the disease. Data concerning wilt symp- 
toms, temperature, and humidity were recorded each day, and at suitable 
intervals representative trees from the different treatments were cut and 
examined for discoloration in the wood. After the exposures all remaining 
trees in a given experiment were held outdoors until leaf fall, or until re- 
sumption of growth the following spring, after which they were cut and 
examined. 

Air temperature exerted a marked influence on the development of the 
disease in the artificially inoculated, potted elms. The range of tempera- 
ture generally favoring disease development extended from about 15° to 
29° C. Trees exposed to temperatures that fluctuated daily between 26° 
and 29° C. had 100 per cent wilt in 3 to 5 days, and the extent of wood dis- 
coloration showed that invasion by the pathogen was complete or nearly so. 
Exposure of inoculated trees to temperatures of 32° to 37° C., or at 9.5° to 
12° C. definitely retarded or even inhibited wilt ; usually at least 2 weeks 
elapsed before wilt appear ecV and then it occurred only in minor amounts. 
The invasive activities of the pathogen, as marked by discoloration in wood, 
likewise were almost entirely sup23ressed by the high and low temperatures. 

The results obtained by shifting inoculated trees from temperatures 
favorable to the pathogen to those unfavorable and vice versa also empha- 
sized the influence of temperature on the development of the disease. For 
example, symptoms w^ere delayed 2 to 5 days in inoculated trees that wex^e 
held at about 27° C. for 4 days and then shifted to a chamber held at about 
10° C. On the other hand, in two groups of inoculated trees, each held for 
4 days at a temperature distinctly unfavorable for the pathogen, the symp- 
toms were speeded by 2 to 4 days over those of inoeulated checks (check 
ti^ees held constantly at unfavorable temperatures) by shifting them to the 
more favorable temperature of 27° C. The removal of inoeulated trees 
from temperatures unfavorable for the development of the disease, such as 
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10° C. and 32° to 37° C., to the outdoors after 1, 2, and 3 weeks exposure 
ultimately resulted in complete wilting and extensive fungous invasion if 
the trees were in an active state of terminal growth at the start. If the trees 
had completed their terminal growdh before exposure to unfavorable tem- 
peratures, the disease often was definitely suppressed in some trees and never 
developed at all in others even after the^^ were removed to the outdoors. 

In trees that had completed terminal growth shortly before they were 
inoculated, the disease was completely inhibited by a 15-hour exposure at 
night (5 p.M. to 8 a.m.) at 32° to 37° C. alternated with a dady 9-hour, out- 
door, daytime (8 a.m. to 5 p.m.) period at temperatures that ranged from 
10° to 33° C. The reverse treatment, i.e,^ indoors at high temperature dur- 
ing the day and outdoors at cooler temperatures at night, permitted com- 
plete wilting of similar trees in from 14 to 26 daj^s. Inoculated trees kept 
constantly outdoors as checks during the same period wilted completely 
within 2 weeks; inoculated trees kept constantly at 32° to 37° C. as checks 
did not become diseased but their foliage was severely injured by the high 
temperature. Foliage of trees in the groups that were alternated daily be- 
tween the two temperatures was not injured by high temperature. 

The results, which are not in accord with those of Buisman,® show that 
pathogenic activities of Ceratostomella uhni in potted elms may be definitely 
altered by temperature. Temperatures known to suppress saprogenic ac- 
tivity, likewise were inhibitive to pathogenic activity, while a temperature 
that was optimum for the organism as a saprogen also speeded its activity 
as a pathogen. 

Department OP Plant Pathology, 

Cornell IJNivERsrTY, 

Ithaca, New York. 

6 Buisman, Christine. Yerslag van de phytopathologisclie onderzoeMngen over de 
lepenziekte, verricht in liet Labor atorimn, Willie Commelin Scholten, gedurende 1931 . 
Tijdsehr. Plantenz. 38 : 17 - 36 . 1932 . 


SOME ETIOLOGICAL ASPECTS OP MEALYBUG WILT^ 
WalterCabter 
(Accepted for publication December 30, 1944) 

The writer first paper on the etiology of mealybug wilt (1) concluded 
that the evidence pointed to a nonliving toxic insect secretion as causal/’ 
In later papers (2, 3, 4), this conclusion was reaffirmed, while in 1939 a sum- 
mary of the investigations w^as included in a review of injuries to plants 
caused by insect toxins (5). Many of the findings reported herein were 
made in connection with a study of the effect of fertilizer on susceptibility 
of pineapple plants to mealybug wilt. 

Topics for discussion in this report include : symptom expression and the 
period for the development of symptoms; the recovery of plants from mealy- 
bug wilt and the relation of repeated mealybug infestation thereto; the 
susceptibility of recovered plants to a second infestation of mealybugs; the 
localization of wilt in experimental plots ; the effect of sunlight on suscepti- 
bility ; and finally, some data on infested planting material and an infesta- 
tion method. 

SYMPTOM EXPRESSION 

Designation of developing symptoms into four classes with a fifth indi- 
cating a recovery stage has proved practicable. Stage 1 is the preliminary 
reddening of the leaves. In stage 2, a definite color change from red to 
pink occurs, as well as the reflexing of the leaf margins. In stage 3, the 
affected leaves have lost their turgor and have drooped, while in stage 4, the 
affected leaves have dried up for the greater part of their length. A rela- 
tively small proportion of cases develop to stage 4, stage 3 usually being 
followed by the recovery stage. After plants have recovered and the oldest 
affected leaves become senescent, the youngest affected leaves, having then 
grown out, will be wilted at the tips only, while the new center leaves are 
apparently growing normally. This stage has been designated by the in- 
itials TWNC. If plants wilt when showing inflorescence or green fruit, the 
drying up of these is accompanied by the development of the first three wilt 
stages in the innermost leaves or the bracts at the base of the developing 
fruit. 

Following the course of the disease over many thousands of plants, the 
expression of symptoms on one or two leaves only of the plants has been 
noted from time to time. This limited expression may reach any one of the 
first three stages of wilt. Some of these eases progress to typical third stage 
wilt, but in others no further development of symptoms occurs. The inci- 
dence of these eases is shown in table 1, and it should be noted that they 
did not occur in plants having only a short period for the development of 
symptoms. 

1 Published with the approval of the Acting Director as Technical Paper JSTo. 154 of 
the Pineapple Research Institute of Hawaii, University of Hawaii. 
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TABLE 1. — The incidence of wilt oases in which symptoms were limited to (A) 
1 or B median leaves only and (B) 1 or 2 median leaves followed hy complete wilt 


Age of plants 
when infested 

No, days after 
infestation 


No. of plants 


With -wilt 

With limited wilt 

A 

B 

Test 1 

55 

1,065 

0 

0 

5 months 

68 

3,559 

0 

0 


104 

820 

5 

31 


134 

160 

10 

5 


165 

23 

8 

0 

Test 2 

43 

34 

0 

0 

0 months 

49 

353 

0 

0 


58 

1,070 

0 

0 


70 

3,637 

0 

0 


78 

1,064 

0 

0 


105 

286 

23 

75 


125 

92 

4 

0 

Test S 

56 

3 

0 

0 

9i months 

63 

102 

0 

3 


82 

298 

0 

40 


90 

104 

0 

32 


125 

336 

1 

46 


145 

162 

1 

13 


181 

154 

2 

19 


215 

74 

2 

0 


246 

32 

2 

0 
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PERIOD FOB DEVELOPMENT OF SYMPTOMS 

The term 'incubation periocV’ cannot be properly used to describe the 
period between the feeding* of mealybugs and the first symptoms of wilt, 
since there is no evidence whatsoever of a period of increase for any causal 
entity. Insofar as the term "latent period'/ carries the same connotation, 
the same objection holds. It has been previously indicated that a period of 
approximately two months is necessary between the insects' feeding and the 
appearance of typical wilt symptoms, but our information on this has now 
been considerably extended. 

Tables 2 and 3 and figure 1 present the data for two extensive factorial 
experiments in which detailed records were kept of the development period. 

TABLE 2 . — Variation in the time required for the development of symptoms of 
mealytug wilt and distri'bution of the 6,SS6 cases according to factorial treatment, 
Flants infested when five months old 


No. of plants wliicli wilted from 35 to 125 days 
Treatment after infestation 

35 43 49 58 70 78 105 125 

Low Ee 0 9 181 558 1,799 572 134 36 

High. Ee 0 25 172 512 1,838 492 152 56 

Low N 0 11 126 443 1,623 708 203 61 

High N 0 23 227 627 2,014 356 83 31 

Low K 0 16 161 519 1,858 539 142 36 

High K 0 18 192 551 1,779 525 144 56 

No chloropicrin 0 9 100 260 1,777 868 189 63 

Chloropicriu 0 25 253 810 1,860 196 97 29 

Totals for all plots com- 
bined 0 34 353 1070 3,637 1,064 286 92 


Percentage plants wilted 

for all plots combined 0 < 0.52 5 16 56 16 4 1 


Tabie 2 is from a series which was infested when the plants were five months 
old (7, Factorial Test 2), and the distribution of most of the eases between 
58 and 77 days is clearly shown, with a mode at 70 days. It should be noted 
also that there was a decided tendency for the disease to appear in a shorter 
time in plants grown at high N levels and in ehloropicrined soil. Table 3 
presents a similar set of data for a test with plants which were infested at 
nine and a half months old (7, Factorial Test 3) and shows no clearly defined 
peak as with younger plants, but rather a scattering over 82 to 181 days, with 
considerable nuinbei’s of cases showing a still longer period. All of the late 
cases were those in which wilt symptoms first appeared when the fruits were 
green. 

RECOVERY 

Frequent reference has been made to this phenomenon. If a wilted 
plant is kept free of mealybugs, recovery from the center always occurs, 
although it may be, and usually is, slow if the i^lant originally went to the 
fourth stage of wilt. Typically also, the originally wilted leaves remain on 
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TABLE 3. — Variation in the time required for the developme^it of symptoms of 
mealybug wilt and distribution of the 1,^95 cases according to factorial treatment. 
Plants infested when 9\ months old 


Treatment 


No. of plants wliicli wilted from 56 to 295 days after infestation 



56 

63 

82 

90 

125 

145 

181 

215 

246 

258 

295 

Low Ee 

2 

53 

157 

61 

177 

77 

93 

28 

13 

17 

0 

High Ee 

1 

49 

141 

43 

159 

85 

61 

46 

19 

10 

3 

Low N 

2 

56 

155 

60 

176 

86 

97 

49 

11 

13 

2 

High N 

1 

46 

143 

44 

160 

76 

57 

25 

21 

14 

1 

Low K 

0 

49 

154 

58 

166 

83 

90 

33 

18 

14 

3 

High K 

3 

53 

144 

46 

170 

79 

64 

41 

14 

13 

0 

No chloropierin ... 

0 

39 

143 

51 

165 

79 

84 

36 

15 

14 

1 

Ohloropicriii 

3 

63 

155 

53 

171 

83 

70 

38 

17 

13 

2 

Totals for all plots 

combined 

Percentage plants 

3 

102 

298 

104 

336 

162 

154 

74 

32 

27 

3 

wilted for all 

plots combined 

0.23 

8 

23 

8 

26 

13 

12 

6 

3 

2 

0.23 


the plant until senescent without loss of symptoms. In recent large-scale 
experiments under frequent observation, a considerable percentage of plants 
showed the first stage of wilt only, namely, the slight all-over reddening of 
the leaves, and on subsequent observation this symptom had disappeared and 
the plant was apparently normal. Data concerning this observation (Table 
4) are from the factorial test 2 of the preceding paper (7), which can be 
referred to for details of the treatment. There was no apparent relationship 
between the number of plants wilted in any replication and the number of 
plants that recovered from first stage wilt. It is clear that there is no rela- 
tionship between fertilizer treatment and this phenomenon, but it is equally 
clear that the differences between plots are very significant. 

Wilt symptoms are associated with the death of roots, and recovery with 

TABLE 4:.-— Summary of cases in ichicli symptoms did not progress beyond first 
stage and recovery was rapid 


Treatment 


m K2 SI El 


Total plants 
wilted 


Total plants recovered 
from 1st stage wilt 


Percentage 
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the production of new roots, but the disappearance of the first stage symp- 
toms, which, incidentally, require considerable experience for their correct 
determination, can perhaps be explained on the basis that in such cases, only 
a portion of the root system had been affected, or that new roots were being 
produced distal of the affected zone of the plant during the period for devel- 
opment of symptoms. It must also be evident that if transient first stage 
symptoms only can appear, it is very probable that damage to the plants 
might occur without visible symptoms. 

Recovery may be affected by nitrogen fertilization (Table 5). These 
data were obtained in connection with a test of the effect of nitrogen fertili- 
zation on susceptibility (7, Nitrogen Test 1) and show that plants in sec- 
tion 1, infested when approximately three months old, recovered and fruited 
in direct proportion to the amount of nitrogen supplied. Recovery in plants 


TABLE 5 . — Effect of nitrogen fertilisation on recovery of wilted plants to fruiting 
stage 



Nfitrogeii 

Section 1, 
infested 
Jan., 1937 

Section 2, 
infested 
April, 1937 

Section 3, 
infested 
June, 1937 

Percentage of plants 

0 

72.65 

29.57 

19.30 

wilted 

100 

73.73 

8.77 

18.42 


500 

68.33 

20.69 

19.47 


1,000 

72.73 

19.13 

15.65 

Percentage of wilted 

0 

24.71 

55.88 

63.64 

plants fruited 

100 

33.33 

50.00 

47.62 


500 

47.57 

33.33 

54.55 


1,000 

48.27 

27.27 

33.33 


in sections 2 and 3, infested later at approximately six and eight months old 
respectively, shows an almost converse trend. Notes on recovery were taken 
up to November of the plant crop year, or four to five months after the nor- 
mal harvest season. 

The plants which wilted when only three or four months old had only 
the first flush of i*oots affected and new roots permitted recovery in propor- 
tion to the nitrogen supply. Plants infested and wilted later had had a 
much larger percentage of the available root buds ’^developed and there- 
fore damaged. In the large soft-leaved plants of the higher nitrogen series 
collapse was complete and flabby,’^ more so than in the lower N plants 
which were harder and higher in carbohydrate reserves. The former were 
much slower in recovering. 

A relationship between intensity of infestation and extent of recovery 
has been noted recently. Two contiguous beds of pineapple plants were 
infested with mealybugs, one bed three times at monthly intervals and the 
other bed once only. In both cases 100 per cent of the plants had typical 
wilt symptoms. The relative recovery of these plants, however, was of quite 
a different order, the series infested only once showing very real recovery 
compared with the more heavily and frequently infested series (Pig. 2). 



. ■ 


Fig. 2. Recovery from severe wilt in plants infested only once (right) compared 
with that ill plants infested three times at monthly intervals (left). 

on top of the developing ratoon suckers at the ends of the beds. This very 
frequently resulted in wilt in these suckers which became infested from the 
mealybugs leaving the. drying crowns. As it was frequently observed, the 
wilt at the ends of the beds was out of all proportion to the scattered wait 
incidence that may have occurred in the fields from which these crowns w'ere 
collected. A recent ease in point recalled this old practice and gave an 
opportunity for detailed observation. Figure 3 shows the end of a pine- 
apple bed in which the ratoon suckers are typically wilted. This bed had 
had the crowns from the fruit harvested in that area piled on it at the end. 
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The most logical explanation of this difference is that the more frequently 
infested plants received three separate successive injuries to the roots which 
would materially reduce the number of root “buds” available to the plant 
for recovery. This would seem to be a more logical explanation than to 
ascribe it to mass action per se, since mass action presumably must occur at 
the same place and time. 

Another observation pertinent to this question, however, indicates clearly 
that mass action is a factor. It used to be the practice when harvesting 
pineapples to pile the crowns that were cut from the fruits at harvest time 
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Careful examination of the plants from wliieli these crowns came showed not 
a single case of wilt in any of the plants. It was clear from this that popu- 
lations of mealybugs inadequate to cause wilt in the plants from which they 
came were sufficient to do so when concentrated on a few plants at the end 
of the beds. Experience with field control, however, adds a large body of 
indirect evidence to these specific observations. Control measures have been 
developed which, when properly applied, prevent the development of popu- 


lations sufficient to cause wilt but they do not eliminate all the bugs. When 
these controls are discontinued or inadequately applied, these small popu- 
lations rapidly increase with the result that wilt develops on local areas com- 
parable to that obtaining prior to the development of control measures. 


Fig. 3. First ratoon suckers wilted as a result of piling infested cro^vns from plant 
crop fruits at the end of the line. 


THE SUSCEPTIBILITY OF RECOVERED PLANTS TO A SECOND GROSS 
INFESTATION OP MEALYBUGS 

Detailed data concerning this have been presented in the preceding paper 
(7), because it was in connection with the second wilting, that fertilizer 
treatment appeared to have some significant effect. The fact that a recov- 
ered plant is just as susceptible to wilt by a second heavy infestation of 
mealybugs as is one which showed no symptoms following the first infesta- 
tion, is a clear datum supporting the hypothesis that mealybug toxin does 
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not reproduce in the plants and that new tissue is toxin-free. The symp- 
toms in the second wilting were precisely the same as in the first. 

THE EFFECT OP EXPOSURE TO SUNLIGHT 

It has been recognized for some time that light ^¥as an important factor 
in the expression of wilt symptoms. Even in a relatively open greenhouse 
covered with a heavy grade of reinforced glass, which no doubt radically 
affects light quality and intensity, conditions are so unsatisfactory for the 
expression of typical wilt that the use of such houses for laboratory experi- 
ments on wilt has long since been abandoned. In four f actorially arranged 
experiments, in two of which the plants were infested when about five 
months old and in two when the plants were nine and one-half months old, 
it was evident even to the casual observer that in the plants infested when 
they were quite young and small, the incidence of wilt on the south side of 
the two-row bed was greater than on the north side. This observation is 
supported by the statistical analysis of the data which reveals a significant 
increase in the wilt incidence on the south side of the bed. Wilt incidence 
in plants infested at nine and one-half months old, when they had attained 
considerable size, did not show this significance. These data are in table 6. 


TABLE 6. — CM-squared (%^) /test of wilt ineidence on north and south sides of two- 
row beds 



No. of wilted plants 

r 

Probability 


Noxtlirow 

Sontli row 

Total 

la 

2,691 

2,934 

5,625 

10.5 

< O.Olo 

2 

3,175 

3,374 

6,549 

6.0 

< 0.02>! 

3b 

659 

636 

1,295 

0.4 

< 0.50 

4 

364 

383 

747 • ' 

0.5 

< 0.50 


a Plants infested wlien five months old. 

Implants infested when nine and a half months old. 
c Significant. 


LOCALIZATION OP WILT IN EXPERIMENTAL PLOTS 

This localization has been enconntered in greater or less degree in every 
field experiment on mealybug wilt for the last 12 years. Figure 5 is a dia- 
gram of all the plants in an experiment on fertilization in relation to sns- 
ceptibility which was arranged in factorial design (7, Factorial Test 4) . All 
the plants in these plots were infested on the same day with very heavily 
infested pieces of fruit rind, so that if the xilants were equally susceptible 
at the time they were infested, the distribution of wilt should have been 
much more uniform. The fact that wilted plants are grouped in localized 
areas to the extent that this figure show^s, suggests again the presence of a 
factor affecting susceptibility that can only be ascribed to the biological soil 
complex. Evidence was obtained that these local areas where wilt incidence 
is high are not stable, when one large field factorial experiment was dupli- 
cated exactly both with respect to treatment and location of the plots in the 
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area. Althoiigli localization occurred in both experiments, that in the second 
one did not coincide with that which occurred in the first. Differences in the 
physical state of the soil or of the soil itself would seem, therefore, to be 
ruled out. There is a very clear relationship between root collapse and wilt, 
and any hypothesis to account for this localization should consider the possi- 
bility that the plants in those locations were rendered more susceptible to 
mealybug wilt as a result of microbial activity. 

There is sufficient evidence, however, to indicate that well-developed root 
systems of themselves are not adequate to reduce susceptibility in young 
plants, for it has been amply shown that chloropicrin treatment of the soil 
does not affect susceptibility of young plants to wilt (7) and it is evident 
that whatever the soil factor may be which affects susceptibility, it is not one 
which is affected by chloropicrin treatment of the soil. Although no formal 
tests have yet been made with D-D mixture in this conneetion (6), there 
have been sufficient cases of incidental wilt occurring in plots treated with 
D-D mixture to indicate that this material may have no more effect in 
reducing susceptibility in young plants than does chloropicrin. 

Except for a few specific organisms, very little is known concerning the 
biological complex in pineapple soils, and still less about species interaction. 
The best evidence that the state of the soil affects susceptibility is to be found 
in the observation, frequently repeated, that pineapples grown in virgin land 
are definitely less susceptible to mealybug wilt than are plants grown in old 
pineapple areas. This is true whether the area in question is far removed 
from previous pineapple cultivation or whether it occurs as a result of re- 
locating field margins to include small sections of contiguous virgin land. 
Less frequently observed has been a similar result in land treated with 
chloropicrin before planting. Mealybug infestations in the few such cases 
were not recorded in the early stages of growth of the field, since the obser- 
vations were not made until the fields were in first ratoon stage and showing 
dense growth, but the presumption is that they were low. 

mealybug infested planting material in relation to later 

SUSCEPTIBILITY OP THE GROWING PLANT 

When mealybug-infested planting material is planted in a properly pre- 
pared field, most of the bugs usually disappear in a short time. 

Experiments were set up to test the influence of such planting-material 
infestations on the susceptibility of these same plants to wilt following 
mealybug infestation at a later stage of their growth. The pieces of plant- 
ing material from 34 mother plants were planted in clones at which time 
a record was made of the mealybug poimlation on each jiiece. Twenty-one 
mother plants had either all or only part of the planting pieces infested with 
mealybugs at the time of planting, while 13 mother plants had no infested 
planting material. Shortly after growth had started, the mealybugs on the 
infested plants were eliminated in the usual manner and all plants were 
maintained free of mealybugs until experiineiital infestations were made. 
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It is clear that the previous infestation of the plantings material did not 
affect the percentage of plants that wilted following later mealybug infes- 
tations, for of the 13 mealybug-free clones, 62 per cent of the plants wilted, 
while of the mealybug-infested clones, 61 per cent of the infested plants 
wilted and 57 per cent of the mealybug-free plants wilted. 

THE FRUIT RIND INFESTATION METHOD 

This technique for large-scale infestations consists essentially of select- 
ing infested green fruits, cutting off the rind and dropping small pieces into 
the hearts of plants to be infested. The method w^as checked to determine 
whether mealybug colonies from individual fruits differed in toxicity. The 
pieces of rind from single fruits were applied consecutively to plants in the 
row and when wilt had developed, the diagram of the wilt incidence was 
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EiO. (top). Diagram showing plants infested with mealybugs by the fruit rind 
method, using pieces from single fruits to infest consecutive plants in the row. 

Pig. 5 (bottom). Diagram showing position of all the wilted plants in a field plot 
in which the plants had been infested with mealybugs by the fruit rind method with 
pieces selected at random, 

superimposed on that for the single fruit infestation. There was no indi- 
cation that any differences existed in the toxicity of individual fruit colonies. 
Figure 4 is a diagram of a typical section of the result obtained for several 
thousand plants. This figure should he compared with figure 5 which dia- 
grams the total wilt ineideiice in. a large-scale experiment in which pieces 
of fruit rind from hundreds of fruits were used at random. The patterns 
of wilt incidence are essentially the same in both figures. 

SUMMARY 

Observations and data on tlie etiology of mealybug wilt are presented. 
Symptom expression can conveniently be designated in 4 progressive stages 
and 1 recovery stage. Limited expression of symptoms may occur and 1 or 
2 leaves only be affected if the period for the development of symptoms is 
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prolonged. The period for the development of symptoms, which varied 
from 43 to 295 days, is affected by the age of the plant at time of infestation. 

Recovery from advanced stages of wilt occurs but that from first stage 
wilt can occur with complete loss of symptoms. Recovery may also be 
affected by N fertilization but the age of the plant at time of infestation is 
a factor. Frequent mealybug infestation adversely affects recovery. There 
is additional evidence that mass action is a factor and that sub-wilting mealy- 
bug colonies, when joined, will cause wilt. 

Recovered pineapple plants are susceptible to later mealybug infestation 
and will wilt a second time, with typical symptoms. Reduced wilt incidence 
in glass houses and on the north side of two-row beds suggest that light 
exposure is a factor in susceptibility. Wilt in field plots is localized and 
diagrams showing the pattern of wilt incidence are presented. When in- 
fested planting material was planted and the mealybugs removed, no effect 
of those mealybug colonies on susceptibility to later infestation was demon- 
strable. 

Pineapple Research Institute, 

University of Hawaii, 

Honolulu, Hawaii. 
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THE INFLUENCE OF PLANT NUTRITION ON SUSCEPTIBILITY 
OP PINEAPPLE PLANTS TO MEALYBUG WILT^'^ 

Walter Carter 

(Accepted for publication December 30, 1944) 

INTEODUGTION 

For the past several years experiments have been conducted on the rela- 
tionship between plant nutrition and susceptibility to mealybug wilt of 
pineapple plants. The primary object of these tests was to determine 
whether or not susceptibility could be reduced under field conditions by 
modifications of the prevailing fertilizer practice. Initially, tests were 
with plants grown at varying levels of nitrogen, potash, calcium and iron 
fertilizer, each element being considered in a separate experiment. In later 
experiments, combinations of nitrogen, potash, iron, and partial sterilization 
of the soil were studied. All experiments were in the field on a scale suffi- 
ciently large to permit statistical analysis of the data and at the same time 
to afford an unusual opportunity for observations on the etiology of the dis- 
ease. The latter are recorded in a concurrent paper. 

TESTS WITH NITROGEN 

Testl 

In this test the fertilizer schedule called for four variants of the nitrogen 
supplied, namely, no nitrogen, 100, 500, and 1,000 lb. per acre, applied in 
aliquots of 100 lb. each, begmniug in November, shortly after the field was 
planted, and continuing, for the 500- and 1,000-lb. plots, bimonthly and 
monthly, respectively. All the plots received superphosphate and potassium 
sulphate uniformly. Plots were arranged so that three periods of infesta- 
tion could be used and for each period there were six replications of each 
treatment. On account of the fertilizer schedule, there was actually a dif- 
ferent N variable for each infestation period, the final aliquot for all the 
500- and 1,000-lb. plots being applied after the last infestation. 

^ A standard method of mealybug infestation was used. Mealybug- 
mfested pineapple plants were collected from fields showing wilt and the 
medium-sized mealybugs were taken from them in large numbers. Prom 
this mass of mealybugs, aliquots of 50 were put into separate vials, usuallv 
in the late afternoon, and used to infest individual plants the following 
morning. Infestations were sprayed out after two weeks had elapsed. Fol- 
lowing infestation, the plants were kept under observation until they fruited 
the following year. There was no relationship between N level and wilt 
incidence. About 70 per cent of the plants wilted when infested at approxi- 
+1 with the approval of the Acting Director as Technical Paner No of 
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mately tliree moiitlis old, but tliere was a sharp drop iu the percentage wilted 
ill the plots ill which the plants were infested at five months and seven 
months of age, confirming previous evidence that susceptibility decreases 
with age of plant. 

Test 2 

In this test, nitrogen levels of 0, 500, and 1,000 lb. to the acre were used 
with a uniform application of 300 lb. per acre each of phosphorus and 
potassium. There were 28 plots of 20 plants each and all the plots were 
planted with slips of a single clone on October 27, 1938. Fifty mealybugs 
per plant were applied on April 20-22, 1939, approximately six months after 
planting, and were allowed to feed for approximately two weeks. Final wilt 
readings were taken September 10, 1939. Plots were kept under observation 
until fruit harvest and no change in the incidence of wilt occurred. In this 
test the average percentages of wilted plants were 34, 32, and 19, the latter 
being in the 1,000-lb. N plots. This difierenee w^as significant at odds of 
19tol. 

Test 3 

On September 26, 1940, following fruit harvest of plots of test 2, the first 
ratoon suckers on the mother plants that had failed to wilt when infested six 
months after planting, were reinfested. The sucker production in the no- 
nitrogen plots was small, as could be expected, but every well-developed 
sucker was infested with mealybugs. In this infestation a different tech- 
nique was used, in that a piece of the rind from heavily infested fruits was 
dropped into the center of each plant. About three weeks later the mealy- 
bug colonies established on the plants were sprayed out. This meant a con- 
siderably heavier infestation than the standard 50-mealybug lots used pre- 
viously, but the method permits the infestation of the plants in a more 
natural manner without excessive handling of the insects and -with the 
reduced labor involved makes it possible to infest on a very much larger 
scale. The number of mealybugs applied by the fruit rind method is always 
in excess of that shown by previous experiments to give high percentages of 
wilted plants, although there is considerable variation between individual 
pieces.^ The result from counts of the mealybugs on 15 pieces of fruit rind 
taken at random showed the number of gravid females to vary from 1 to 22, 
the medium-sized bugs from 24 to 102 and the crawlers from 140 to 690, with 
a minimum number of all classes of 165 on a single piece of fruit rind. 

TEST WITH POTASH 

Test 1 

This test was in the same field and in the beds contiguous to those used 
for nitrogen test 2. All the plots were planted to the same clone, and re- 
ceived uniform applications of nitrogen and phosphorus. Potash was varied 

a Carter, Waltei*. The toxic dose of mealybug wilt of pineapple. Pliytopath. 27 : 
971-981. 1937. 
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at 0, 300, and 600,1b. per acre. The plots were planted October 27, 1938, 
and eaeb plant infested with 50 mealybugs March 29, 1939, at which time 
the potash applications had been completed. In August, 1939, all the plants 
which had failed to show symptoms were reinfested with a second dose of 
50 mealybugs. Plant analyses made at that time revealed material differ- 
ences between treatments, with respect to potash and nitrate N, both of 
which increased with increased amounts of potash applied. Wilt in the 
300-lb. plots showed a significant increase (odds of 19 to 1) over that in the 
no-potash and 600-lb. plots. 

Test 2 

This experiment corresponds to test 3 of the nitrogen experiment in 
which the suckers growing on the previously infested plants were infested 
grossly by the fruit rind method. Wilt incidence was uniformly high as in 
nitrogen test 3, which was concurrent. 

TESTS WITH CALCIUM 

In these tests, 25 cc. of a 5 per cent solution of calcium chloride were 
applied to the axils of the base leaves of field grown plants weekly, fort- 
nightly, and monthly. Other fertilizer applications were uniform. These 
applications were made from February to March 22, 1939, on plants planted 
late in October of the previous year. All the plants were infested with 50 
mealybugs per plant on April 13, 14, and 15 but no significant differences 
in wilt incidence resulted. 

TESTS WITH IRON 

These tests were run parallel with the nitrogen, potash, and calcium 
experiments. The plants were fertilized uniformly but there were three 
variations in the iron treatment: (1) no iron spray, (2) iron spray every 
two weeks, and (3) iron spray twice weekly. A 4 per cent solution of fer- 
rous sulphate was applied in a fine mist shortly after planting in October, 
1938, and continued until the end of the experiment. Fifty mealybugs per 
plant were applied April 26, 27, and 28. Iron deficiency was becoming evi- 
dent in the no-iron plots at the time infestations were made, and pronounced 
differences developed thereafter. The plots sprayed with iron twice a week, 
an excessive quantity according to plantation practices, nevertheless re- 
sponded to the iimreased iron supply. There were, therefore, three quite 
clearly defined differences in greenness of the plants when the mealybugs 
were applied and the differences were maintained throughout the experi- 
ment, but no significant differences in wilt incidence occurred. Infestations 
of the young first ratoon suckers in both the calcium and iron plots were 
made at the same time as were those in the nitrogen and potash experiments 
with no significant differences resulting. 

TESTS WITH NITROGEN, POTASH, IRON, AND PARTIAL 
STERILIZATION OP THE SOIL IN COMBINATION 

These plots were arranged in a factorial manner to permit more adequate 
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statistical analysis of the results. Furthermore, the experiments were on 
such scale that from 7,000 to 9,000 plants were involved in each test. Table 
1 applies to all the experiments in this series, and shows the plot arrang’e- 
ment. 


TABLE 1 . — ExpmHments on the effect of nitrogen, potash, iron ayid soil sterilimtion 
on susceptibility. Diagram showing factorial arrangement of plots& 


Plot 

Low Fe 


Plot 

High Fe 


Plot 

High Fe 


Plot 

Low Fe 


1 

N1 

K2 

SI 

17 

N1 

K2 i 

SI 

33 

N1 

K2 1 

S2 

49 

N1 

K2 J 

31 

2 

2 

2 

2 

18 

1 

1 

2 

34 

1 

1 

1 

50 

2 

1 

1 

3 

2 

1 

1 

19 

2 

1 

1 

35 

2 

1 

2 

51 

2 

2 

2 

4 

1 

1 

2 

20 

2 

2 

2 ' 

36 

2 

2 

1 

52 

1 

1 

2 

5 

1 

1 

1 

21 

2 

1 

2 

37 

1 

2 

1 

53 

2 

2 

1 

6 

2 

1 

2 

22 

1 

2 

2 

38 

2 

1 

1 

54 

2 

1 

2 

7 

2 

2 

1 

23 

2 

2 

1 

39 

1 

1 

2 

55 

1 

1 

1 

8 

1 

2 

2 

24 

1 

1 

1 

40 

■ 2 

2 

2 

56 

1 

2 

2 

Plot 

High Fe 


Plot 

Low Fe 


Plot 

Low Fe 


Plot 

High Fe 


9 

2 

1 

2 

25 

2 

2 

2 

41 
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1 

1 

57 

1 

1 

2 

10 

1 

1 

1 

26 

2 

1 

1 

42 

2 

2 

1 

58 

1 

2 

1 

11 

2 

2 

1 

27 

1 

1 

2 

43 

2 

1 

2 

59 

2 

1 

1 

12 

1 

2 

2 

28 

1 

2 

1 

44 

1 

2 

2 

60 

2 

2 

2 

13 

2 

2 

2 

29 

1 

T 

1 

45 

1 

1 

2 

61 

2 

1 

2 

14 

1 

1 

2 

30 

2 

2 

1 

46 

1 

2 

1 

62 

1 

2 

2 

15 

1 

2 

1 

31 

1 

2 

2 

47 

2 

2 

2 

63 

1 

1 

1 

16 

2 

1 

1 

32 

2 

1 

2 

48 

2 

1 

1 

64 

2 

2 

1 


a Legend: Nl^lOO lb. nitrogen per acre; N2 = 500 lb. nitrogen per acre; Kl = no 
potash; K2 = 300 lb. potash per acre; Eel = 4 per cent FeSO^ applied as a hne mist 
monthly; Fe2=:4 per cent FeSO^ applied twice weekly; Sl = no sterilization of the soil; 
S2 = 150 lb. per acre of ehloroj)icrin injected into the soil before planting. 

Test 1 

This experiment was planted early in October of 1939. An infestation 
was made February 20 and 21, 1940. Infested immature fruits were used 
and a section of the rind placed in the heart of each plant, as in nitrogen 
test 3. On February 28, 1940, establishment of vigorous mealybug colonies 
seemed to be general, and one month after infestation the plots were sprayed 
with an oil emulsion to eliminate the mealybug’^s. The final wilt readings 
on these plots were made on July 24, 1940, and the data are summarized 
in table 2. 

Test 2 

This experiment was an exact duplicate of the first and was in exactly 
the same area wdth only a short 3-month intercycle period between clearing 
the plots of the plants from test 1 and planting those of test 2, The purpose 
of this arrangement yras to determine whether the position of wilted plants 
would remain the same as in test 1. The plants were planted October 2, 1940, 


and infested with mealybugs on February 25, 1941. Wilt readings were 
completed on July 30, 1941, and are summarized with those of test 1 in 
table 2, for comparison with results from test 1. | 
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Test 2a 

This test was accomplished by reinfesting one half the plots of test 2, 
on July 30, 1941, when the wilt readings for test 2 were completed, and the 
plants which had shown wilt were recovering. The results of this reinfesta- 
tion, shown in tables 3 and 4, reveal a curious significance in the differences 
between certain of the treatments but only in the ease of those plants which 
had recovered from severe wilt. Plants in the low N plots wilted a second 
time in numbers significantly greater than in the high N plots, and, to a 
lesser degree, significantly greater in the no-chloropierin plots than in those 
treated with chloropicrin (Table 4). 


TABLE 2. — Factorial tests 1 and Experiments on the effect of nitrogen, potash, 
iron, and soil sterilisation on suseepWbilityf the plots heing^ faetorially arranged. Table 
showing nnmher of plants wilted in tests 1 and 2. Plants infested when five months old. 
Baeh plot included approximately 138 plants with four replications of each treatment 


Treatment 


Test 1: Infested 1940 


Test 2: Infested 1941 


Plants -wilted 


Plants wilted 






Beplications 


Total 

Per „ 

Beplications 


Total 

Per 

cent 


1 

2 

3 

4 

cent 

1 

2 

3 

4 

m 

k:2 

SI 

FI 

102 

96 

82 

113 

393 

71 

106 

95 

129 

96 

426 

77 

2 

2 

2 

1 

93 

61 

91 

88 

333 

60 

78 

78 

116 

102 

374 

68 

2 

1 

1 

1 

95 

106 

115 

88 

404 

73 

123 

101 

109 

100 

433 

78 

1 

1 

2 

1 

63 

84 

98 

67 

312 

57 

97 

99 

128 

123 

447 

81 

1 

1 

1 

1 

74 

118 

68 

72 

332 

60 

88 

109 

82 

82 

361 

65 

2 

1 

2 

1 

78 

69 

106 

77 
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60 

109 

106 

107 

107 

429 

78 

2 

2 

1 

1 

1,04 

96 

114 

93 

407 

74 

115 

131 

78 

96 

420 

76 

1 

2 

2 

1 

91 

70 

116 

70 

347 

63 

96 

130 

105 

68 

399 

72 

2 

1 

2 

2 

68 

82 

118 

92 

360 

65 

88 

109 

119 

129 

445 

81 

1 

1 

1 

2 

100 

89 

72 

78 

339 

61 

92 

79 

97 

106 

374 

68 

2 

2 

1 

2 

93 

94 

88 

75 

350 

63 

131 

92 

132 

89 

444 

80 

1 

■ 2 

2 

2 

112 

73 

89 

65 

339 

61 

105 

99 

111 

129 

445 

SO 

2 

2 

2 

2 

101 

72 

72 

99 

344 

62 

122 

91 

55 

116 

384 

70 

1 

1 

2 

2 

73 

112 

73 

88 

346 

63 

126 

80 

75 

68 

349 

63 

1 

2 

1 

2 

65 

84 

76 

99 

324 

58 

122 

77 

113 

62 

374 

68 

2 

1 

1 

2 

99 

92 

60 

116 

367 

66 

111 

124 

94 

104 

433 

78 


TABLE 3. — Mesults of reinfesting plants in factorial test £ which had recovered from 
severe wilt, initial symptoms only, or had remained symptoon-free folloiving the first 
infestation 


No, of plants reinfested 
in each class 


Percentage plants wilted 
in each class 



Symptom- 

free 

Initial 

stages 

only 

Severe 

wilt 

Symptom- 

free 

Initial 

stages 

only 

Severe 

wilt 

AH 

1,129 

278 

410 

34.7 

33.4 

30.0 

Low N 

651 

113 

232 

33.5 

38.1 

35.8 

High N 

478 

165 

178 

36.4 

30.3 

22.5 

No chloropicrin 

530 

161 

177 

34.1 

34.6 

35.5 

Chloropicrin 

599 

117 

233 

35.2 

32.4 

25.7 

Low K 

.......... 554 

93 

216 

34.4 

37.6 

26.8 

Pligh K 

575 

185 

194 

34.9 

31.3 

33.5 

Low Fe 

552 

176 

232 

37.1 

34.0 

26.7 

High Fe 

577 

102 

178 

32.4 

32.3 

34.2 
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TABLE 4. — Statistical treatment of data from table S. Vnclerlined figures are 
significant 


yfi values for the different treatments 

Plant types 

reinfested Low vs. high • • 

^ Chloropicrm 


Healthy 

1.033 

0.029 

2.783 

0.143 

3.841 

6.635 

Initial stages only 

1.810 

1,097 

0.088 

0.086 

3.841 

6.635 

Severe wilt 

8.489 

2.154 

2.731 

4.640 

3.841 

6,635 


Test 3 

This test was laid out in precisely the same manner as tests 1 and 2, 
the only difference being that the plots were not so large, each plot contain- 
ing about 85 plants instead of about 140. The plants grew without mealy- 
bug infestation until they were 9i months old, when they were infested by 
the fruit-rind method. By this time, very great differences in growth status 
had developed throughout the plots. The results of this test are in table 5. 
The low percentage of plants wilting, when compared with tests 1 and 2 is 
further confirmation of the reduced susceptibility of older plants. 

Test 4 

This was a duplicate of test 3 as far as factorial arrangement, size of 
plots, age of plants, and time of infestation were concerned, except that only 


yf values 
from table 

P = 0.05 PzrO.Ol 


TABLE 5. — Factorial tests S and 4. Experiments on the effect of nitrogen, potash, 
iron, and soil sterilimtion on susceptibility, the plots being factorially arranged. Table 
showing number of plants wilted in test 3. Plants infested when months old. Each 
plot included approximately 85 plants with four replications for each treatment in test 3, 
and 3 replications in test 4 



Test 3 : Infested 1941 


Test 4 : Infested 1942 


Plants wilted 


Plants wilted 


Treatment 


Beplicatioiis 


Eeplications 


Total 


Total 
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oiie-half the total number of plots were infested. Wilt following the infesta- 
tion in this test is shown along with the data from test 3, in table 5. 

DISCUSSION 

When plants are infested within three months of planting, differences 
ill growth status due to fertilizer level are apparent but may not have had 
sufficient opportunity to affect susceptibility significantly. From six months 
on, however, the variations in fertilizer practice used in these experiments 
resulted in extreme variation in plant growth. The low-nitrogen plants 
were small, yellow green, with tough narrow leaves, while at the other ex- 
treme were the large, dark green, succulent, wide-leaved plants in the high 
N plot, especially where the soil was partially sterilized before planting. 

In spite of these extremes, no striking relationship exists between plant 
growth status and susceptibility to wilt. The detailed data were subjected 
to analysis of variance with the result that significance (p = .05 or odds of 
19 to 1) was shown in nitrogen test 2 to the extent that wilt was less in the 
1,000-lb. N plot than in either the 0- or 500-lb. N plots. In potash test 1, 
there was significantly more wilt in the 300-lb. plot than in either the 0- or 
600-lb. plots. Since other experiments including these same variables failed 
to show similar results, too much importance cannot be attached to these 
significances. Variation between numbers of plants wilted in plots of simi- 
lar treatment are so great that very great differences between treatments 
would be necessary to show significance. This variation between plots is 
believed due to the localization of wilt in small areas within the field. This 
phenomenon is discussed further in the concurrent paper, but it is clear that 
it has overwhelmed any effect on susceptibility that the fertilizer treatments 
might have had. 

When the four factorial experiments were analyzed, statistical signifi- 
cance was shown in test 3, not between the two iron treatments, but in the 
interactions between iron and other experimental variables. The factorial 
experiments were on such an extensive scale that this result cannot be dis- 
regarded entirely, even though none of the other experiments showed a 
similar result; but to account for it, a very delicate balance must be postu- 
lated between plant nutrition and photosynthetic activity which in some 
manner affects susceptibility. 

Test 2a, in which plants were infested for a second time, shows the only 
striking relationship between treatments and wilt incidence. Plants which 
had had severe wilt symptoms following the first infestation but had re- 
covered in typical fashion, wilted a second time following reinfestation by 
mealybugs in significantly greater numbers (p = 0.01 or odds of 99 to 1) in 
the low N plots than in the high N plots, and to a lesser significant degree 
(p « 0.05 or odds of 19 to 1) in greater numbers in the no-chloropicrin plots 
(Tables 3 and 4). Whatever the correct explanation for these results may 
be, it is clear that plants which were recovering from severe wilt were ren- 
dered more susceptible to wilt a second time under conditions adverse to 
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growth. From the standpoint of mealybug wilt control, the results obtained 
when young ratoon suckers were infested, make it clear that wide variations 
in fertilizer application to mother plants failed to affect the extremely sus- 
ceptible young suckers. Since this period in the life of a pineapple field 
is the most critical one with respect to increase in mealybug wilt incidence, 
there is little hope of modifying the severity of mealybug wilt by agronomic 
methods. 

SUMMARY 

Pineapple plants grown at various levels of N, P, K, Ca, and Pe develop 
with extreme variation in growth status, which was accentuated by partial 
soil sterilization with cliloropicrin. These plants were infested with mealy- 
bugs and the resulting mealybug wilt recorded, but the differences in ferti- 
lizer application failed to affect the susceptibility of the plants to wilt. High 
N application appeared to reduce susceptibility, but in one test only. 

The most significant result was in the reinf estatioil of plants that were 
recovering from severe wilt. Adverse growth conditions increased the sus- 
ceptibility of these plants to a second wilting. 

Pineapple Research Institute, 

University op Hawaii, 

Honolulu, Hawaii. 



A CEECOSPOEA LEAFSPOT OP CULTIVATED PHYSOSTEGIA^ 
Wilbert A . Jenkins 
(Accepted for publication January 2, 1945) 

INTRODUCTION 

During' Atignst, 1943, a destmctive leaf spot of cultiyated Physostegia 
virginiana Bentli. came to the writer ’s attention. The disease was so severe 
and the resulting defoliation so acute that an effort was made to identify the 
pathogen. After it became apparent that the disease was caused by an 
undescribed species of Gercosporuj a study of the life cycle of the pathogen 
was undertaken. A portion of the results form the basis of this report. 

SUSCEPTS AND RANGE 

Field observatioiiKS have been confined to a small area in the vicinity of 
Chatham, Virginia, where the disease is prevalent. Nothing is known of the 
general distribution of the disease, nor is the disease apparently known on 
wild relatives of the species in question.® Somewhat closely related species 
of the mint family in this area show no evidence of susceptibility to the 
disease. 

SYMPTOMATOLOGY 

The earliest observed symptoms appeared during the middle to latter 
part of June on the lowermost leaves. Typical symptoms persist on these 
lower leaves, scarcely noticeable to the casual observer until the latter part 
of July, but meanwhile progressing slowly up the plant from leaf to leaf. 
Very few symptoms have been seen on any portion of the plant other than 
the foliage, though when the disease becomes epiphytotic during August it is 
not uncommon to find lesions on the flower bracts. 

Lesions vary from one to several centimeters, are at first pale yellow with 
slightly darker centers, and generally appear first on the upper leaf surface. 
A typical halo, usually rather consistently associated wdth such lesions, is 
absent. As the lesion develops, its color approaches brick-red and finally 
becomes pale to dark brown. Meanwhile, the lesion spreads rather uni- 
formly over the leaf surface, finally becoming slightly depressed and dry 
(Fig. 1, A) . On the lower leaf surface, a generalized pale color soon marks 
the limits of the lesion during early developmental stages. Later, color 
changes occur within the lesions, but they are never so intense as those on 
the upper leaf surface, nor are the limits of the lesions ever so well defined 
(Pig. 1, B). Through coalescence of lesions, most of the surface of affected 
leaves is ultimately involved ; the leaves may curl or there may be more or 
less complete defoliation. 

1 Published with the approval of the Director, Yirginia Agricultural Experimeiit 
Station, as Scientific Paper No. 123 from the Section of, Botany and Plant Pathology. 

2 After this report was submitted for publication, correspondence and exchange of 
specimens with Dr. B. B. Higgins established the presence of this disease in the vicinity 
of Griffin, Georgia, where it was destructive in 1941. 

■ m 
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Pig. 1. Photographs showing a graduated series of symptoms of Cercospora leaf 
spot of leaves of cultivated Physostegia mrginiana Benth. (A) Upper leaf surface; 
(B) lower leaf surface. The semblance of a halo about certain lesions is due to the 
photographic filter. (Original photographs x 1.) 
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Conidiophore stromata appear as discrete, tawny tufts within the older 
lesions. Normally, sporulation is confined to the upper surface of the lesions. 
With age and at high humidity sporulation often becomes amphigenous. 

ETIOLOGY 

Being luiahle to determine the vSpecific identity of the pathogen wdth the 
literature at hand, the author sent specimens to Professors P. A. Wolf and 
Charles Chupp, of Duke University and Cornell University, respectively. 
Professor Wolf reported that no species of Ceroos^ora- on Physostegia, nor 
on its synonym, Bracocepkalum, was listed in the literature available to him 
and that the species appeared to be undescribed. Professor Chupp stated 
that the species was new according to his keys and that it did not resemble 
any other of the known forms on the Labiatiae. He also stated that he was 
filing the specimens in his herbarium as Cercospora Physostegiae W. A. Jen- 
kins, awaiting my description of the species. Because we now know that the 
pathogen possesses a normal and typical life cycle, including spermogonia 
and perithecia,, typical of species of Mycosphaerella heretofore described 
(1, 2, 3, 4, 5), it will hereafter be referred to as Wlycosphaerella Physostegiae 
n. sp. 

DEVELOPMENTAL MORPHOLOGY 

Eesults of inoculations under controlled conditions indicate that infec- 
tion may occur through either leaf surface, though more uniformly through 
the lower one, and that penetrations occur through stomata or directly 
through epidermal walls. Infection hyphae appear to be intercellular at 
first, but soon an intracellular I'elationship is established. Haustoria, in the 
accepted sense of the term, Avere not seen, though the characteristic coiling 
of the hyphae withiu'^parasitized cells, approximating a loose stromatic for- 
mation, might readily be assumed to perform haustorial functions. Conidio- 
phores originate from subcuticular or intraepidermal hyphae and begin the 
production of conidia soon after emergence, long before basal anastomosis 
with attendant stroma formation is evident (Fig. 2, A). With age they 
assume the chai*acteristics of typical conidiophores of Cercospora. 

The conidia, en masse, appear bluish-grey; singly they are hyaline to 
subhyaline. They are slender, more or less curved, blunt on the basal end, 
tapering to subacute on the distal end, with a tendency toward two oil drop- 
lets within each cell of the older spores, 1-6 septate, and 17-112 x 2.28-6.08 p 
(Fig. 2, B). Under average field conditions, the spores average 48.5 x 4.24 p, 
but those produced at high humidity may be as long as 112 p. Length and 
septation of conidia, as with other species of Cercospora studied, vary with 
relative humidity in the environment during their formation, but width 
remains relatively constant. The spores germinate readily in from 3 to 8 
hours on tap-water agar when the moisture and oxygen balance are favor- 
able. Germ tubes emerge from terminal cells at either or both ends of the 
spore, and often from other cells, as well (Fig. 2, C). 

During late September and early October, the saprophytic cyclic develop- 
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nient is initiated witliin the leaves that have fallen from the plants. Some 
evidence of such development may also be noted on foliage still attached, 
but it is evident that such leaves are essentially senescent, so that one might 
readily assume the relationship to be a saprophytic one. Spermogonia and 
perithecia are initiated concurrently, either within conidiophore bases or 
independently of such structures. In the latter instances, spermogonial and 



Fig. 2, Spore forms of Mycosphaerella JPhysostegiae n, A. Yoiing comdial 
stroma before development of a pronounced basal stroma. B, 0, F. Conidia; B, from 
field material j 0, showing method of germination; D, from ascospore culture on potato- 
dextrose agar; I), E. Asci and aseospores: B, an ascus intact, a mature ascus with rup- 
tured outer membrane, and recently discharged aseospores; E, germinating aseospores. 
(All sketches drawn to scale, original with aid of a camera lueida, x 1,200 dia.) 

peritheeial fundaments originate from subcuticular, intraepidermal, or 
rarely, from subepidermal stroma. Owing, perhaps, to fluctuating climatic 
conditions, it is not unusual to find fertile conidiophores developing from 
the exterior surfaces of both spermogonia and perithecia. 

Very young spermogonia and peritheeial fundaments are indistinguish- 
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able one from the other, but M'ith limited development they may be readily 
separated on the basis of content. As with other species of Mycosphaerella 
studied critically (1, 2, 3), the peritheeial fundaments soon produce one to 
several archicarps, while the spermogonia develop spermatial mother cells. 

The spermogonia originate about the periphery of old lesions or within 
them and are about equally abundant on both leaf surfaces. The details of 
development are essentially identical with those reported for other species 
of Mycosphaerella. At maturity, the spermatia occur in groups of 3 or 4 
within the spermatiferous cells and are liberated through sterigma-like proc- 
esses from them. Mature spermogonia are 27-60 x 27-56 p. Mature sper- 
matia are rod-shaped, uninucleate, hyaline, and 1.5-4 x 0.5-0.8 p. 

Peritheeial fundaments originate concurrently with the spermogonia. 
Theii distribution is also the same, but they soon produce one to several 
deep-staining arehicai’ps, each with an elongate trichogyne and an enlarged, 
uninucleate basal cell. Oytological details of peritheeial development thus 
far observed differ in no important respects from those already published 
for other species of the genus (1, 2, 3). The perithecia are rostrate when 
young and at maturity are 47-95 x 40-75 p. 

The perithecia of Mycosphaerella Physostegiae develop slowly as com- 
pared with several other known species, mature spores in the field having 
first been found on June 9, 1944. Sectioned material confirmed the week of 
June 9 as being the time of earliest maturation of spores. This delay in 
peritheeial maturity is occasioned by the very slow development of the aseo- 
gonia following spermatization. The asei do not mature at one and the same 
time within a given peritheeium so that perithecia function as the source of 
primary inoculum over a considerable period, depending on the frequency 
of moisture. In addition, eonidia are produced abundantly from the sur- 
m sterile and fertile stromatic masses, beginning as early as May 

2 in 1944, and continuing on concurrently with ascospore maturation and 
discharge. 

DEVELOPMENT IN CULTURE 

Conidial isolates were obtained by the streak method on hard tap-water 
apr, while ascospore isolates were obtained by causing the ascospores to 
discharp upward and cling to the surface of tap-water agar in inverted 
Fetri dishes. Mature spores were measured in crushed mounts and soon 
after their discharge into the Petri plates. Under such conditions the asco- 
spores are hya me to subhyaline, guttulate when young, straight to slightly 
curved, bicellular, and 11.6-17.8 x 2-3.8 n- The asci are bitunicate and the 
ascospores become biseriately arranged prior to discharge (Pig. 2 D). 
Because of its structure and the dynamics attendant on its function, a ma- 
ture ascus IS difficult to measure for length; nor, in the writer’s opinion is 

sueha measurementof taxonomic value (Pig. 2 D) j:- > 

vkihr™" g«™“ate readily ivithin 3 to 8 hours and produce 

visible growth within 3 days (Pig. 2, C-E). Cultures from eonidia and 
aseospoies on potato-dextrose agar are identical in all measurable respects. 
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When first visible, the mycelmm is pale grey to almost white, but the portion 
of the colony adjacent to the medium finally beeomes deep olive to almost 
black. The colonies are pulvinate from the beginning and after 5 to 6 days 
indications of a stroma appear adjacent to the surface of the medium, par- 
ticularly in isolates from aseospores. Isolates from both sources produce 
eonidia abundantly within 3 to 5 days and the conidia are indistinguishable 
from each other and from those produced under similar conditions of tem- 
perature and moisture on field material (Fig. 2, B, F). Stromatic masses 
were produced in old cultures from both sources, but recognizable spermo- 
gonia and perithecia 'were not observed in any of the cultures. 

Both conidia and aseospores were used as inoculum. The conidia were 
obtained from fresh field material as well as from conidial and ascospore 
isolates. In all cases resulting infections were identical and occurred within 
10 to 21 days following inoculation. 

The spore forms discussed constitute a pleomorphic cycle of one and the 
same organism. 

TAXONOMY 

The form and development of the perithecia, the asci produced in fas- 
cicles, the absence of paraphyses, and the bicellular, hyaline spores are 
characteristic of the genus Mycosphaerella Johans. The fungus is desig- 
nated Mi/cosp/iaereZZa Physostegiae n. sp., with the following diagnosis. 

Mycosphaerella Physostegiae n. sp. 

Syn : Cercospora Physostegiae W. A. Jenkins (In Herb.) 

Peritlieeia numerous, mostly in lesions, anipliigeiious, partly embedded in host tissue, 
erumpent, ovate to nearly globose, beaked prior to maturity, 47-95 x 40-75 p, black, 
ostiolum papillate when mature; asci club-shape, short stipitate, fasciculate, 36-40x10- 
20 p, aparaphysate, bitmiicate, eight-sporedj spores biseriate to imperfectly uniseriate 
in the aseus, bicellular, straight to slightly curved, hyaline to subhyaline, guttulate, 
11.6-17.8x2-3.8 p. 

Hab. In overwintered lesions produced by tlie conidial stage on leaves of Phy- 
sostegia virginiana Benth. (cultivated), Chatham, Virginia, maturing during early June. 

Spermogonia: Numerous, in and along the margins of lesions produced by the 
conidial stage, ovate to globose, black, amphigenous, embedded in leaf tissue but later 
erumpent, ostiolate, 27-60 x 27-56 p ; spermatia small, rod-shaped, hyaline, 1.5-4 X 0.5- 
0.8 p, arising endogenously, usually in fours within spermatiferous cells and liberated 
through sterigma-like processes. 

Hab. On recently fallen leaves, maturing from October through Pehruary. 

Conidial stage: Lesions circular to indefinite, often confiuent, varying from 1 mm. 
to several cm., pale to dark brown, confined to foliage; conidiophores becoming am- 
phigenous with age, base heeomiiig stromatic; fasciculate, geniculate, pigmented at base, 
continuous to one- to several-septate, mostly short; conidia hyaline to subhyaline, slender, 
cylindrical, club-shaped, blunt on basal end, tapering to subacute on distal end, curved, 
17-112 X 2.28-6.08 p (mostly 48-60 x 3.8-4.2 p), 1-6 septate, guttulate, length and sep- 
tation influenced by humidity. 

Hab. Parasitic on leaves of cultivated Physostegia virginiana Benth,, causing leaf 
spots and contributing to premature defoliation. - 

Peritheciis dense aggregatis, plerumque in maculis, ampMgenis, aemi-immersis, puiie- 
tiformibus, ovatis vel globatis, rostratis cum iinmatuius, 47-95x40-75 p, nigris, ostiolis 
papillate praeditis; aseis cylindraceis elavatis, brevisme stipitatis, fascieulatis, apara- 
physatis, bitunieatis, oetosporis, 36-40 x 10-20 p; sporiidis biseriatis vel sub-uniseriatis, 
bicellularibus, vix curvatis, hyalinus vel sub-hyalinis, giittulatis, 11.6-17.8x2-3.8 p. 
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Hab. in foliis dejectis Fliysostegia virginiaiiaCj Cliathanij Virginia, 

Spermogoniis autumno efformatis, dense aggregatis, plerumque in maeulis et mar- 
ginatis, ovatis vel globatis, nigris, ampliigenis, innatoermnpentibiis, punctiformibus 
27-60 X 27-56 p; spermatiis bacillaribus, byalinis, 1.5-4 x 0.5-0. 8 p. ’ 

Hab. in foliis dejeetis Fliysostegia mrginianae. 

Statu conidieo in maeulis circularibus v. irregularibus, saepe eoiifluentibuSj oeraceis 
V. rubro-ferrugineis/ foliis efformato; liypliis fertilibus ampliigenis, a stromate orientibus 
faseilatis, geniculatis, hyalinis v. dilute olivaeeis-grieseis, eontiiiuis v. pliiriseptatis^ 
brevisme^ conidiis Iiyalinis v. sub-byalinis, atteniiatis eylindraeeis obclavatis v sub- 
elavatis, curvulis, 17-112 x 2.28-6.08 p (plerumque 48-60 x 3. 8-4.2 p), 1-6 sentatis 
guttulatis. if ''i 

Hab. in foliis vivis Fliysostegia virginianae. 

For the conveaienee of plant pathologists and mycologists, materials have 
been deposited in the following herbaria: Myeologieal Collections of the 
Bureau of Plant Industry, U. S. Department of Agriculture ; Plant Pathol- 
ogy Department, Cornell University, Ithaca, N. Y., the Herbarium of the 
Georgia Experiment Station, Experiment, Georgia. 

CONTEOL 

Results from a single season’s work indicate that Cereospora leaf spot of 
cultivated Fliysostegia virginiana Benth. may be rather effectively controlled 
by simply removing the fallen leaves from beneath the planting any time 
before mid-April of the following year. Since the plantings in Virginia are 
propagated by rhizomes, it would be impractical to turn under the fallen 
leaves. The late maturity of the perithecia greatly simplifies removal and 
destruction of the fallen leaves, preferably by burning, as a control measure. 

SUMMARY 

The symptomatology and etiology of a destructive leaf spot of cultivated 
Fliysostegia virginiana Benth. have been studied over a complete season 
Symptoms first appear during June and July on the lowermost leaves, but 
the disease does not become epiphytotic until August. The lesions appear 
pale yellow at first with dark centers, but develop through shades of brick- 
red to a final pale to dark brown and then enlarge until often most of the 
leaf surface is involved. 

The pathogen, heretofore undeseribed in any stage of development pro- 
duced a hyphomycetous conidial stage characteristic of the form genus 
Cereospora, &\bo spermogonia and perithecia. The perfect stage is herein 

described as ifcrj/cosp/mcrella P%sosie(/me n. sp. 

A smgle season’s observations indicate that Cereospora leaf spot of culti- 
vated Fhysostegia virginiana Benth. may be controlled by removing and 
burning the east leaves any time between leaf fall and mid-April of the 
following season. 

Virginia Agrioultxjrali Experiment Station, 

Tobacco Eese ARCH Laboratory, 

Chatham, Virginia. 
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VARIETAL RESISTANCE AND SUSCEPTIBILITY OP WHEAT TO 
FLAG SMUT (UROCYSTIS TRITICI KOERN.). IV- FURTHER 
STUDIES ON PHYSIOLOGIC SPECIALIZATION IN 
UROCYSTIS TRITICI KOERN.’- 

T. S'. Yu, H. E. Wang, and C. T. Fangs 
(A ccepted for publication January 2, 1945) 

INTRODUCTION 

In an earlier paper (4) /the senior writer and his co-workers reported 
5 physiologic races of TJrocystis tritici Koeim from China. Since the publi- 
cation of that paper, additional collections of the smnt from various parts of 
China have been tested and 7 new races have been described and numbered, 
thus bringing the number of known races to 12. 

MATERIAL AND METHODS 

In addition to the 5 physiologic races of JJrocystis tritici reported in 1936 
(4), 37 smut collections were obtained from common wheat {TriUcum vuU 
i/ are), and one collection on a poulard wheat (T. iurgidim) was obtained 
and used in 1942-43. 

For differential hosts, 17 varieties of wheat including Nanking Nos. 716, 
793, 795, and 799, which had been used in the previous studies, were chosen. 
They are outstanding for certain eharaeters and representative of some 
wheat growing regions of China, In the final analysis of the results, how- 
ever, only 5 of them have been selected as differential hosts: Nanking No. 
716, developed by the Department of Plant Pathology, Nanking University, 

: for its high yield and flag smut resistance (3) ; Grassland, a high-yielding 
variety in Kweichow, originated at Kweichow Provincial Agricultural Ex- 
periment Station ; Ngochen, reported to have originated from the commercial 
wheat grown in Ngochen; Tsing Hua No. 1932, originated by selection from 
commercial wheat in Yunnan; and Tsing Hua No. 559, a poulard wheat 
{TriUcum turgidum), commonly grown in Central South China. With the 
exception of the last one, all ai^e common wheat (T. vulgare) . 

All seed was disinfected in a formaldehyde solution (1: 320) for 1 hour 
and washed and dried before sowing. A measured quantity of spores was 
shaken with the seed until the seed was completely covered with spores. A 
complete series of wheat hosts was so inoculated for each collection of smut. 
The inoculated seed in each year’s test was planted at the rate of 3 grams to 
the 3-foot row. Bach plot consisted of three 3-foot rows for each variety, 

1 Paper No. 21 from the Division of Plant Pathology, The Institute of Agricultural 
Eeseareh, National Tsing Hua University, Kunming, Yunnan, China. 

2 The writers wish to express their sincerest appreciation to Prof. F. L. Tai for his 
constant inspiration and suggestions in the preparation of the manuscript; and to Dr. 
O. S. Wang of the National Honan University for supplying smut material. 

Phytopathology extends the courtesy of its journal pages to scientists in other 
countries who are persevering in research under difficult wartime conditions and are 
temporarily deprived of the opportunity for membership in the American Phytopatho- 
logical Society. 
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systematically distributed and replicated in 4 series. The check plots o£ 
iininoculated seed of each variety so treated produced smut-free plants. The 
smut percentages obtained were based on counts of the total number of culms 
per plot. As there was very little difference in the percentages of smut in 
the replicated plots, only the averages are recorded. 

Ill the analysis of data, three infection classes were arbitrarily estab- 
lished : 0-5 per cent infection = Eesistant class (R) ; 5.1-20 per cent inf ee- 
tion = Intermediate class (I) ; and 20.1-100 per cent infection = Susceptible 
class (S). 

besults 

The experiments were at Kunming, Yunnan, China, from 1939 to 1943, 
inclusive. The 5 physiologic races previously reported, together with 37 
additional collections of the smut, were tested on 17 varieties of common 
wheat. Twenty-one of these 37 smut collections produced consistent results 
and have been identified. The rest of them are reserved for further studies. 
Of the 17 varieties of common wheat, 4, namely, T. H. 1932, N. 716, Ngochen, 
and Grassland, were retained as differential hosts. The others, on which 
results had been inconsistent, were discarded. On the basis of the reaction 
of these 4 varieties of wheat, it was possible to differentiate the smut collec- 
tions into 11 physiologic races. Five of them had been previously identified 
and the remaining 6 are recorded as new races. The annual and average 
percentages of smut produced by each of the smut collections, in each of the 
4 years tested, are given in table 1. 

There are sufficiently great differences in the virulence of the collections 
of smut to justify the conclusion that they are different physiologic races. 
Races 4 and 5 are differentiated from the rest by the intermediate reaction 
of N. 716. T. H. No. 1932 is resistant to race 4 but is intermediate in its 
reaction to race 5, which is the only race that can infect all of the differential 
hosts. Races 10 and 11 are distinct from other races by their virulence 
on Grassland and are differentiated by the difference in reaction of Ngochen 
and T. H. 1932 to them. The identity of race 2 is based on the susceptibility 
of T. H. No. 1932 to it, that of race 7 on the susceptibility of Ngochen. 
Race 6 is the only race to which all four differential hosts are resistant. It is 
similar to races 1 and 9. 

The variety T. H. No. 3929 was originally selected as the susceptible 
cheek. The high percentages of smut produced on it indicate that the 
environmental conditions of the tests were favorable for smut infection. 
This variety is completely susceptible to the 11 physiologic races (Table 1). 

In the course of breeding for flag smut resistance in both the common and 
poulard wheats, about 300 selections of the latter were inoculated with a 
mixed inoculum of the siiiut each year since the fall of 1938. In 5 years, 
none of these poulard wheat selections had ever been smutted. It was thus 
once believed that the poulard wheat might be immune from the disease. 
However, in the spring of 1942, an additional collection of flag smut from a 
commercial field of poulard wheat in Chengkung, Yunnan, was used to in- 




TABIiE 1.— Average percentages^^ of flag smut o'btained in S varieties of common xvlieat inocidated separately with collections^ and 
grouped into 11 physiologic races of TJrocystis tritici at Kunming, Yunnan, China, 194(H194S 


Host 


T. H. Ho. 
1932 


3Sr. 716 


Hgoehen 


Grassland 


T. H. Ho. 
3929 


Bace 1, Golleetion Ho.- 


Raee 2, Golleetion Ho.— 


Race 3, Collection Ho. — 


Year 

la 

5 

6 

10 

19 

2a 

11 

12 

20 

21 

3a 

13 

14 

16 

18 


Fct. 

Fct, 

Fct, 

Fct. 

Fct. 

Fct. 

Fct. 

Fct. 

Fct. 

Fct. 

Fct. 

Fct. 

Fct. 

Fct. 

Fct. 

1940 

2.1 

1.4 

2.4 



22 6 





0.0 





1941 

0.0 

0.0 

0.0 

5,6 

3.2 

18.3 

11.3 

21.1 

22.9 

19.1 

3.4 

2.6 

3.1 

2.3 

0.0 

1942 

0.0 

0.4 

0.5 

0.0 

0.5 

17.5 

39.3 

43.9 

34.1 

41.5 

2.1 

0.9 

1.8 

4.3 

0.0 

1943 

0.0 

0.0 

2.0 

2.3 

0.8 

26.1 

18.4 

13.5 

25.7 

24.2 

1.7 

0.0 

0.5 

0.6 

0.3 

Ay. 

.0.5 

0.5 

1.2 

2.6 

1.5 

21.1 

23.1 

26.2 

27.6 

28.2 

1.8 

1.2 

1.8 

2.3 

0.1 

1940 

0.0 

0.0 

0.0 



0.6 





2.2 





1941 

0.0 

0.0 

0.0 

0.0 

0.0 

1.1 

0,3 

3.1 

0.5 

5.4 

0.6 

3.6 

3.7 

0.0 

0.0 

1942 

0.0 

2.3 

0.0 

0.3 

0.0 

1.4 

1.6 

7.8 

0.0 

5.2 

3.4 

7A 

8.1 

2.7 

2.1 

1943 

3.2 

0.7 

0.0 

0.0 

0.0 

0.0 

0.6 

0.0 

4.9 

1.7 

1,5 

1.8 

2.0 

4.1 

0.0 

Ay. 

0.8 

0.8 

0.0 

0.1 

0.0 

0.8 

0.8 

3.6 

1.8 

4.1 

1.9 

4.3 

4.6 

2.3 

0.7 

1940 

6.3 

0.0 

5.2 



1.2 





10.2 





1941 

0.4 

0.0 

11.4 

5.6 

7.3 

0.3 

0.0 

0.5 

7.1 

2.6 

6.7 

8.2 

7.0 

3.5 

4.8 

1942 

9.1 

15.7 

1.7 

9.7 

4.1 

0.6 

9.1 

2.9 

4.2 

7.7 

13.3 

13.6 

14.5 

7.0 

9.1 

1943 

7.8 

6.3 

3.7 

0.3 

4.0 

1.9 

4.0 

0.1 

3.0 

1.9 

4.9 

7.3 

13.4 

4.9 

7.6 

Av. 

5.9 

5.5 

5.5 

5.2 

5.1 

1.0 

3.4 

1.1 

4.8 

4.1 

8.8 

9.7 

11,6 

5.1 

6.7 

1940 

3.1 

4.4 

0.0 



0.7 





9.6 





1941 

0.0 

3.7 

0.0 

2.7 

0.0 

2.4 

2,9 

0.3 

8.1 

1.8 

8.3 

8.2 

7.4 

7.3 

5.6 

1942 

3.4 

9.2 

0.0 

4.0 

2.2 

4.6 

4.0 

1.4 

0.7 

6.1 

2.5 

17.1 

20.6 

9.2 

3.8 

1943 

1.5 

1.0 

0.5 

0.0 

0.0 

1.9 

1.0 

0.0 

1.3 

6.0 

4.6 

19.7 

16.0 

16.7 

6.3 

Av. 

2.0 

4.6 

0.1 

2.2 

0.7 

2.4 

2.6 

0.1 

3.4 

4.6 

6.4 

15.0 

14.1 

11.1 

5.2 

1940 

18.1 

52.7 

31.5 



37.2 





33.7 





1941 

61.3 

38.7 

25.8 

36.5 

47.3 

48.6 

48.9 

33.7 

52.9 

42.1 

28.0 

29.7 

55.1 

29.6 

18.5 

1942 

52.4 

71.6 

68.1 

25.7 

62.2 

41.9 

73.3 

75.8 

57.1 

63.0 

41.3 

50.9 

43.0 

51.3 

29.5 

1943 

31.4 

68.0 

67.1 

42.8 

60.4 

49.3 

66.2 

64.2 

55.8 

48.5 

22.6 

78.2 

67.0 

43.3 

32.4 


Av. 


40.8 57.8 48.1 31.9 56.8 


44.2 69.6 57.9 57.4 51.1 31.4 52.9 55.1 48.1 


26.8 


TABLE 1- — {Continued) 


Host 

Year 

Race 4 
Goll. Ho. 

j 

Race 5, 
Goll. 

Ho. — 

Race 6, 

Coll. No. — 

Race 7, 
Goll. 
Ho. — 

Race 8, 
Goll, 
Ho. r— 

Race 9, 
Coll. 
Ho. — 

Race 10, 
Goll. No. — 

Race 11, 
Coll. No. — 



4a 

2 

5a 

8 

17 

4 

1 

3 

9 

15 

7 

T. H. Ho. 

1932 

1940 

1941 

1942 

1943 

Fct. 

0.0 

1.7 

0.0 

0.9 

Fct. 

1.1 

0.0 

3.4 

1.4 

Fct. 

9.9 

11.8 

14.7 

6.5 

Fct. 

0.0 

0.0 

0.0 

0.0 

Fct. 

3.4 
0.0 

1.5 

Fct. 

2.9 

0.7 

3.3 

0.3 

Fct. 

7.2 

13.6 

22.7 

9.8 

Fct. 

0.0 

0.0 

0.0 

0.3 

Fct. 

5.2 

5.9 

0.0 

Fct. 

3,2 

5.0 

5.6 

Fct. 

3.8 

1.5 

9.9 

5.7 


Av. 

0.7 

1.5 

10.7 

0.0 

1.6 

1.8 

13.3 

0.1 

3.7 

4.6 

5.2 


H. 716 


1940 

1941 

1942 

1943 


Hgoelien 


Grassland 


T. H. Ho. 
3929 


1940 

1941 

1942 

1943 


5.5 

12.1 

6.4 

4.0 


7.6 

5.5 

14.3 

0.0 


1.5 

0.0 

0.0 

11.3 

10.1 

17.5 

0.0 

0.0 

0.0 

0.0 

0.0 

8.8 

9.2 

8.8 

1.4 

1.4 

3.1 

3.2 

0,4 

10.1 

7.4 

10.1 

0.6 

0.0 

0.4 

0.0 

0.5 


7.6 
10.0 
12.2 

9.6 


8.4 

16.2 

23.5 

9.8 


19.9 

18.4 

24.4 


20.7 

25.1 

22.3 


Av. 

12.7 

8.1 

12.7 

0.5 

0.5 

1.3 

0.8 

0.2 

4.6 

4.1 

4.6 

1940 

1941 

1942 

1943 

5.9 

3.0 

8,3 

7.2 

7.2 

8.9 

3.6 

7.3 

1.3 

4.5 

10.7 

5.2 

5.2 

5.6 

3.9 

1.4 

5.2 

5.5 

2.9 

22.1 

36.5 

15.0 

19.0 

7.6 

18.8 

21.3 

5.4 

4.2 

1.9 

2.5 

1.9 

6.7 

13.5 

7.0 

6.1 

12.4 

9.0 

4.9 

3.6 

8.2 

0.7 

Av. 

6.1 

7.0 

5.4 

4.1 

4.5 

23.2 

18.3 

2.4 

9.1 

9.2 

4.3 


17.2 

23.8 

15.8 

26.8 


Av. 

7.0 

9.9 

5.5 

3.2 

1.3 

0.4 

0.6 

14.5 

20.9 

22.7 

20.8 

1940 

1941 

1942 

1943 

41.7 

26,5 

55.3 

22.0 

44.9 

40.1 

75.2 
60.0 

55.9 

31.2 

10.4 

47.8 

33.6 

48.9 

21.2 

40.4 

48.1 

43.6 

72.4 

02.1 

38.8 

60.1 

74.6 

64.2 

77.3 
86.6 

78.3 

37.2 

20.3 
18.2 
32.7 

23.1 

48.2 
63.5 

44.3 

40.1 

59.1 

53.7 

8.6 

66.4 

68.4 

Ay. 

36.4 

50.1 

36.3 

36.0 

54.7 

61.4 

76.6 

27.1 

44.9 

47.8 

49.8 


a Averages of 4 repUeated plots. _ _ Kianffsa- 2a Wukung, Shensi: 3a, Tinghsien, Hopeh; 4a, Taotien, Kansu; 5a, 

b Number and place of smut collection, la, Honan- I Kweiyang, ^Kweichow; 5, Cheigtu, Szechwan; 6, Huishiu, Kweichow; 

Kaifeng, Honan;H, Kunmmg, Yunn^; 2 and Yunnan ; 13, Hiiju, Honan’; 14, Tenghsien, Honan; 

I’S LS’Sn;^6,LSLn%ona^f^^^^^ Szechwan; 19, Ping-I, Yunnan; 20, Chengkung, Yunnan; and 21 

Liiiang, Yunnan, (la to 5a inclusive were identified in 1936 (3).) 
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oculate 14 Yarieties of wheat, including the 4 differential hosts given in 
table 1, and a variety of poulard wheat known as T. H. No. 559. Por com- 
parison, this poulard wheat was also inoculated with the foregoing 11 physio- 
logic races. In the spring of 1943, not a single culm of the poulard wheat, 
inoculated with these physiologic races, had become smutted. On the other 
hand, 6.1 per cent of the cuhns of the poulard wheat, inoculated with the 
smut from that host, had become smutted. This new smut collection pro- 
duced different reactions on the common wheats, but the 4 differential hosts, 
given in table 1, are resistant to it. This additional collection is a distinct 
race of Urocystis tritici. It is, therefore, designated as race 12. 

Thus, at the present time, 12 pathogenically distinct races of Urocystis 
tritici have been identified. The varietal reactions that serve to differentiate 
these races are presented in table 2. 


TABLE 2,~~-Belatwe susceptiMlity'^ of 5 differential hosts to physiologic races 
of Urocystis tritici 


Differential 





Physiologic race No. 





host 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Common wheat: 

T. H. No. 1932 

H 

S 

R 

R 

I 

R 

R 

I 

R 

R 

I 

R 

N. 716 

R 

R 

R 

I 

I 

R 

R 

R 

R 

R 

R 

R 

Ngocben 

I 

R 

I 

I 

I 

R 

S 

I 

R 

I 

R 

R 

Grassland 

R 

R 

I 

I 

I 

R 

R 

R 

I 

S 

S 

R 

Poulaxd wheat : 

T. H. No. 559 

B 

R 

R 

R 

R 

R 

R 

R 

R 

R 

R 

I 


pel* cent infection; 1 = 5.1-20 per cent infection; S = 21.1-100 x>er cent 

infection. 


For aid in identifying the 12 physiologic races of flag snint, the varieties 
of wheat used to differentiate them are arranged in the following key : 

Key for identiffcation of IB physiologic races of Urocystis tritici 


Tsing Hna No. 559 (T. turgidum) resistant Pliysioiogic 

Nanking No. 716 (T, vulgare) resistant race 

Grassland (T. vnlgare) resistant 

Tsing Hna No. 1932 (T, vulgare) resistant 

Ngoehen {T, vulgare) resistant 6 

Ngoeken intermediate 1 

Ngocken susceptible 7 

Tsing Hna No. 1932 intermediate 8 

Tsing Hna No. 1932 susceptible 2 

Grassland intermediate 

Ngocben resistant 9 

Ngocben intermediate 1” *.” 3 

Grassland susceptible 

Tsing Hua No. 1932 resistant ..d 10 

Tsing Hua No. 1932 intermediate 11 

Nanking No. 716 intermediate 

Tsing Hua No, 1932 resistant 4 

Tsing Hua No. 19,32 intermediate 5 

Tsing Hua No. 559 intermediate 12 
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DISCUSSION 

The amount of smut produced by a wheat plant depends largely on the 
amount of moisture in the soil and the temperature during the period of 
germination (1). The time of sowing, therefore, exerts a great influence 
ixpon the strength of attack. In a test of physiologic specialization in TJro- 
cysUs tritici, it is important to bear in mind that the optimum conditions for 
smut infection should prevail. At Kunming, they occur at the optimum 
time for wheat planting or a little earlier, about October 15 to 20 when the 
soil temperatures range from 13° to 25° 0. Planting in the latter part of 
November usually results in a low percentage of smut infection. At that 
time, the low soil moisture content also becomes a limiting factor. 

In the previous investigation (4), the identification of races 1, 2, 3, 4, 
and 5 was based upon the reactions of Nanking No. 716. This variety of 
wheat was reported resistant to races 1, 2, and 3, but susceptible to races 
4 and 5. In the present studies, it is reported intermediate in its reactions 
to races 4 and 5 and resistant to all the others. In general, the present 
results confirm those obtained in the ]previous studies. Since these 5 races 
of Urocysiis iriiici have been under observation for 11 years, they seem to 
be stable in range of pathogenicity. 

It is well known that environmental factors may affect the response of 
host varieties to the causal fungus. Eodenhiser and Holton (2), in their 
bunt experiments at seven experiment stations, have demonstrated that dif- 
ferences in environment may affect the response of some spring wheat varie- 
ties to races of Tilleiia iriiici and T. levis. In the case of flag smut fungus, 
the same fact has been observed. For example/ H. 1102, a wheat susceptible 
to races 1 to 5, inclusive, in Nanking (4), was resistant when grown at Kun- 
ming. Since the climatic conditions during the growing period of wheat in 
these two places are so greatly different, it is believed that the host rather 
than the races show the primary effect of the environment. 

As the smut collections used in the present studies were from widely 
scattered points in China and were so limited in number, it is not yet possible 
to give the detailed distribution of these races in China. However, 4 of the 
7 collections of the smut made in Yunnan have been identified as race 2. 
Evidently, this race occurs more frequently than the others in this province. 

summary 

Twelve physiologic races of Urocysiis iriiici have been separated on the 
basis of differences in their pathogenicity on 4 varieties of common and 1 
variety of poulard wheats. They have been assigned race numbers 1 to 12. 
Kaces 1 to 5, previously identified, still remain constant. Kaces 6 to 12 are 
described as new. 

Races 4 and 5 produce intermediate reactions on Nanking No. 716, a 
well-known flag smut resistant wheat in China. Race 12, collected on a 
poulard wheat, is the only race that infects a turgidum wheat. 
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111 Yunnan, 5 i^aces liave been identified. Eace 2 is conspicuously preva- 
lent and widespread. It occurred 4 times in 7 collections. 

Eaces 1 to 5 have proved stable in pathogenicity for 11 years. 

Institute op Agricultural Eesearoh, 

National Tsing Hua University, 

Kunming, China. 
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ELSINOB AND SPHACELOMA DISEASES IN YUNNAN, CHINA, 
PAETICULARLY HYACINTH BEAN SCAB AND 
SCAB OP CASTOR BEAN 


0. 0. Oheo and Anna E. Jenkins’- 
(Accepted for publication January 15, 1945) 

Diseases of plants caused hj Elsinoe (9) and Sphaceloma (9) have not 
been noted heretofore in Yunnan, China; it was expected, however, that 
investigations would reveal their presence. The five diseases of the group 
here reported from that Province were found in 1938-1939 by the senior 
writer or by his colleagues of the Tsing Hua University, following removal 
from Peiping to Kunming. The first three diseases, previously reported 
from China and known elsewhere in the world, are rose anthracnose, caused 
by S, rosamm (Pass.) Jenkins (8), grape aiithraenose, caused by E, 
ampelina Sheav (17), and sour orange scab, caused by jE/. fawoetti Bitanc. 
and Jenkins (2) . Previous records of these diseases in China are assembled ; 
no others have been reported from the country. The other two diseases, 
hyacinth bean scab and castor bean scab, are essentially new ; specimens of 
both from elsewhere in the Eastern Hemisphere were available to the junior 
writer when the present cooperative study was undertaken. Prom its nature 
the present paper should serve as a background for further work on this 
group of diseases in China. The precedent of referring to citrus scab in 
China as sour orange scab is followed, although suitable specimens have not 
yet been available for comparative determination. 

ROSE ANTHRACNOSE 

Garden roses at the Cheng-ying Primary School at Shi-ping (Szebing),^ 
Yunnan, were severely spotted with rose anthracnose. In China, this dis- 
ease has previously been reported on wild rose from western Szechwan, north 
of Yunnan, and from Korea (8) , 

GRAPE ANTHRACNOSE 

In Yunnan viticulture is limited practically to vines planted as a border 
surrounding the vegetable garden. In August, 1939, leaves and stems of 
such plants at Pu-Chao, Kai-Yuen, were severely attacked by anthracnose. 

In China, outside Yunnan, this disease has been found in widely sepa- 
rated places. Three available records from Nanking consist of a specimen 
of affected grapes collected in April, 1926, by R. H. Porter (USM 74775),''^ 

1 This paper was presented in greater detail by the senior writer at the celebration 
on April 18, 1940, at Kunming, Yunnan, of the 30th anniversary of the National Tsing 
Hua University. Contributions were to have been published in a sx3eeial number of 
^‘Science Eeports’^ of the University commemorating the occasion. Because of war this 
plan has not mateinalized. 

2 In this paper place names in parenthesis are those of the Chinese official language 
(Khan hua) and w^ere furnished by W. T. Swingle. 

3 In this paper the symbol ^ (USM^ ' followed by an accession number refers to speci- 
mens in the Mycological Collections of the Bureau of Plant Industry, Soils, and Agri- 
cultural Engineering, U. S. Department of Agriculture, Beltsville, Maryland, 

■ 339.: 
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a literature record of the disease also on berries by Teng' (20) , and a separate 
account by Chiao (5). Although not previously reported, in 1937 the senior 
writer noticed the disease on vines in Shangtung Province. He had earlier 
reported it as causing serious damage in Hopei Province (4) . At Changli 
in this province ‘'long white grape/' the most susceptible variety, showed 
up to 50 per cent infection. At Peiping the local varieties Rose Pragnant 
and Confort were attacked, Rose Pragnant so severely so that growth was 
checked prematurely. Among local varieties differences in susceptibility 
were apparent. 

SOUR ORANGE SCAB 

At I-liang, Yunnan, sour orange scab was found on fruit of what was 
apparently mandarin orange by T. P. Yu, T, H. Wang, and S. T. Chao, 
who contributed representative specimens. At Nan Chi leaves and young 
fruit of what was possibly a lemon hybrid also was affected. An isolation 
of the scab pathogen was made and this is referred to in the section entitled 
^‘Parallel cultural comparisons." 

Sour orange scab is probably old in China, although eaidy records are 
not directly available. In Japan, where the disease is believed to have been 
present “from ancient times," original introduction from China is sug- 
gested (c/. 19). The earliest available specimen from China consists of 
diseased rind of “Otehetite orange" from a market in Hong Kong, May 15, 
1915, W. T. Swingle (USM 73246). In a recent conversation with Swingle, 
he stated that this “orange" is probably a hybrid lemon. Mention has 
already been made (11, Table 1) of scab on the herbarium specimen of 
CUr%is am'^antmml from New Territory, China, 1928, C. C. Chum 624, in 
the Arnold Arboretum. Published Chinese records of scab as assembled 
by Tai (18) are all from South China., viz.^ Reinking (15, 16) and Tu (21), 
To these should be added Lu and Cheo’s (12)^ research paper, which reports 
the first cultural work with Elsinoe fawcetti in China. An observation by 
them not recorded in their paper is given here as follows : Eureka lemon 
growing in the citrus plantation at Lingnan Agricultural College, Canton, 
China, where the investigation was conducted, remained unaffected by scab, 
although growing among such highly susceptible scabbed varieties as Hoiig- 
lemon and Pei-lemon. Tu's statement relative to the kinds of citrus affected 
ill South China is: “Scab , . . is coextensive with the growing of the 
Chinese lemon {Gitrus Umonia Osbeck). The young leaves, twigs and fruits 
are usually attacked. All the varieties are equally susceptible. All the 
eitrange varieties . . , are extremely susceptible when young. Both Sweet 
orange and Mandarin orange are either only slightly affected or remain 
highly resistant under field conditions. " 

While in Indo-China in 1939, the senior writer noticed scab on Mandarin 
orange ( ?) growing in orchards at Lao-kai, Province of Tungkin. The dis- 
ease appears not to have been reported heretofore from Indo-China, although 

^ The junior writer is indebted to Dr. Swingle for an English translation of this 
article from the original Chinese, made in March, 1939, by E. J. Hagerty, University of 
California. 
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two specimens are available. The first consists of leaves of Mandarin orange 
( ?) collected on May 19, 1920, by Eeinlring (USM 69196), the other of citrns 
rind preserved by E. Kent Beattie from fruit served him at table during 
his stay at Tourane, Province of Annam, in 1930 (TJSM 73247). 

SCAB OF hyacinth BEAN 

In August, 1938, more than 15 per cent of pods of hyacinth bean 
{Dolichos labial) L.) in a market in Tali, western Yunnan, were affieeted by 
the disease here termed ^‘scab of hyacinth bean.” Visiting the fields at 
Er-kai (Erh-hai) where the crop was grown, it was found that all aerial 
parts of the plant were attacked, severely affected young pods and tendrils 
having failed to develop or having been killed outright. This same disease 
was observed also in market in Kunming, both in 1938 and 1939. 

It seems probable that this scab of hyacinth bean in Yunnan is the same 
as that discovered in Kenya Colony (1930) and in Uganda, Africa, a decade 
or so ago. The finding in Kenya was by the local mycologist B. J. Edwards, 
who sent a specimen to E. J. Butler, then Director of the Imperial Myeolog- 
ical Institute. Upon finding asei entirely typical of Elsinoe on this 
material Dr. Butler communicated with the junior writer, to whom part of 
the specimen w^as later sent by Dr. S. P. Ashby (USM 72652) in 1936. 
Hansford’s (6) reports of the disease in Uganda are here quoted for con- 
venience of reference as follows : 

‘‘The cover crop of Dolichos ZaiZaft suffered severely from attack by a 
fungus at present unidentified, but probably related to Sphaceloma citri^ 
causing the scab disease of citrus. Many of the plants were killed off com- 
pletely and most showed severe damage to foliage and aerial parts. Affected 
plants produced very little seed.” 

“The disease of Dolichos lahlab reported in 1932 as due to Sphaceloma 
sp., again occured at Serere. Plots of CanavaUa ensiformis eilso showed 
infection. Other legumes were not affected. ” 

A specimen of the Elsinoe on CanavaUa from Serere was sent to Dr. 
Butler, and later divided with the junior writer (USM 72563), The label 
gives the host as C. ensiformis ( ?). Dr. Butler’s identification of this speci- 
men as E. canavaliae Eac. (14) , which is known only on 0, gladiata (Jacq.) 
DC., i.e., sword or saber bean, is probably correct. In view of the fact that 
the sw^ord bean and jack bean (0. ensiformis (L.) DC.) have been greatly 
confused as shown by Piper (13, also see 7, p. 1), it seems probable that the 
diseased CanavaUa at Serere was sword bean rather than jack bean. Cross 
inoculations on both these legumes with the pathogen of hyacinth bean scab 
made at Yunnan will be reported later. In Yunnan the senior w^riter has 
not found CanavaUa planted in fields with hyacinth bean ; however, in one 
instance at the Tropical Agricultural Experiment Station at Ho-kow (Ho- 
K’ou) he observed sword bean growing as a shade plant over hyacinth bean 
seedlings. The identification of the CanavaUa m sword bean was based on 

5 Tlae fungus referred to here is Elsinoe fawceiii. 
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Piper's classification (13), i.e,, pods about four times as long as broad, 20-~ 
25 cm. long, with white seeds. 



Symptoms 

As observed in yunnan, the leaf spot is more conspicuous on the lower 
leaf surface ; on the Edwards specimen from Kenya, however, the situation 
is reversed. On the dry specimens in both instances spots are often ‘dight 


y'lO. 1, Scab on lpw6r surface (A) aud ou pods (B) of hyacinth beau from Yimnan. 
A, approximately natural size; B, reduced. Photographs by Gheo (A) and C. N. Cheng 


1945] Cheo and Jenkins: Elsinoe and Sphaceloma 343 

buffi/' sometimes faintl3^ bordered witb “burnt sienna/' and they are often 
raised at the margin. In their distribution over the blade surface they tend 
to follow the venation, often involving also the adjacent iionvascular tissue 
near the midrib or lesser veins. The midrib from the base of the blade prae- 
tically to the apex may be affieeted, and the entire apical area also attacked. 
Where several veins in the same part of the leaf are involved, there may be 
a general yellowing of the leaf in that region. Interveinal lesions occurring 
separately tend to be circular, although at the junction of veins, they may 
be irregularly star-shaped. They may reach 4 mm. in diameter. Symp- 
toms on petioles are similar to those on stems (Fig. 1, A). 

On the stems the cankers are circular to linear. They may be numerous 
and scattered, grouped, or coalescent. Individual lesions range from minute 
spots to cankers 3 mm. wide by 1 cm. long. They may be flat or slightly 
depressed, but are often raised, at least at the margin. They are brown at 
first, becoming ashen, narrowly bordered with pale yellow, or sometimes 
with dark purplish black (Pigs. 1, A, and 2, A). 

Pod lesions are more or less circular, punctate to about 5 mm. in di- 
ameter. They may be scattered, grouped, or coalescent and where abundant 
they may produce a mottling effect over practically the entire surface of 
one or both valves. The suture also may be attacked and lesions here be 
joined linearly. The spots may be somewhat raised, although not neces- 
sarily so. They are brown to purplish brown, becoming lighter at the 
center, and may be bordered by a band of dark purplish black. The pedicel 
and calyx as well as the valves may be affected (Pigs. 1, B, and 2, A). 

The pathogen of hyacinth bean scab (Pig. 2, D, E, P, and Pig. 3) from 
the sources indicated is here treated as a single species and is described as 
follows : 

Elsinoe dolichi Jenkins, and Bitancourt and Cheo,^ Aseomata amphig- 
enous, but more abundant on the leaf surface originally infected, on 
opposite surface produced on or near veins, viewed superficially, appear- 
ing as elevations in the dark stromatic rind covering the lesions, also 
occurring more or less separately as dark punctate bodies, visible as light 
circular areas where they have caused a rupturing of the rind; in cross 
section constituting small hyaline to pale yellow pseudoparenchymatic 
masses often pulvinate and erumpent, with the asci sometimes in one 
layer although not necessarily so limited, 60 to 300 p in diameter by as 
many as 100 p high, often coalescent or at least adjacent; asci subglobose, 
pyriform to ellipsoid, 20 to 32 p in vertical diameter by 15 to 22 p broad, 
ascospores (immature) 1-septate, probably becoming 3-septate upon ma- 
turity, hyaline; imperfect stage consisting of a more or less continuous 
dark stroma disrupting the epidermis, and developing into the more or 
less well developed dark stromatic rind, spreading more or less deeply 

® Color readings in quotations, are based on B. Bidgway, Color Standards and Color 
Nomenclature, 43 p., Wasbington, D. C., 1912. 

7 Because of the unavoidable delay in publishing this article the diagnoses of the 
two new species in Latin were published separately (10). 
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into the tissue of the lesions as a hyaline to yellowish prosenchyina, super- 
ficially often covered with a well defined dark layer of conidiophores, 
although for short distances it may be pale, rind including eonidiophores 
attaining 30 p in thickness, or even in absence of well developed eonidio- 
phores sometimes nearly 50 p thick, composed of small often rounded cells; 
eonidiophores, sometimes arranged in small closely grouped fascicles, con- 
sist individually of indefinite to more or less abruptly tapering structures 
up to 20 p high and 3.6 to 5.3 p broad at the base ; eonidia seen in small num- 
bers only, minute, up to 3.5 p in diam. ; as observed in culture (by Cheo), 
spherical (2.5-3 p in diam.) to elliptical (3-7.6 by 1.5-3 p), hyaline. 

Distribution: On leaves, stems, and pods of hyacinth bean {Doliohos 
labial) L.) causing the disease termed ‘^seab of hyacinth bean,” Kenya and 
Uganda, Africa, and Yunnan, China. 



Fig. 3. Blsinoe dolicM. a. Conidial formation from liypliae in a six-day-old xDotato- 
agar culture, h and e, eonidia. Drawing by Cheo. 

Specimens examined : Kenym Colony, Sept. 17, 1930, D. C. Edwards, Type 
(USM 72652), Phytopathological Herbarium, Institute Biologico, Sao Paulo, 
Brazil (3267), and Imperial Myeological Institute, Kew, Surrey, England; 
Yunnan, China, Nov. 10, 1938, C. C. Cheo (USM 73032). 

CulUires 

Elsinoe dolichi was isolated in Yunnan and there grown on potato, malt, 
and corn-meal agar. The growth was wrinkled and variously colored. On 
corn meal the main or central part of the culture was covered with livid pink 
aerial hyphal growth; the agar became violet. The subculture sent to the 
junior writer was compared with cultures of other species from legumes, 
namely E. phaseoU Jenkins (3) on lima bean {Phaseolus lunatus macro- 
carpus Benth.) from Cuba and Sphaceloma arachidis Bitanc. & Jenkins (1) 

1939, W. A. McGubbin, Comm. W. A. M. iu 1939 (USM 73070). Both A and B, x 1. 
D-'F, Elsinoe dolichi on upper surface of a leaf spot on the Edwards’ specimen of hya- 
cinth bean. D. Conidiophorcs arising from a single hyphal strand (a) or lay(3r (h). E, a, 
Three clumps of eonidiophores; I and c, stroma developed within the disorganized host 
tissue. F. Aseomycetous stage showing asex (a) imbedded in hyaline stromatic tissue 
and (h) ruptured epithelium corresponding to the eonidial layer, n, host tissue. G. 
Toung cultures, and H, older cultures on potato-dextrose agar; a, M. dolichi; Jb^ B, 
phaseoli; c, Sphaceloma arachidis; d, 8. ricint; E. fawoetti. All x 1. Photographs 
(A-H) by M. L. F. Fouhert. 
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on peanut {Arachis hypogea L.) from Sao Paulo, Brazil. The culture from 
lima bean was isolated by the junior writer and that from peanut by Bitan- 
eourt as shown in the section entitled ‘‘Parallel cultural comparisons. ’ ’ The 
three cultures were distinct. 

Immlaiions and CrossAnomilations 

Hyacinth bean was inoculated with Elsinoe dolicM at Kunming in June 
and July, 1939. Cultural growth on potato agar was used as inoculum. 
This was macerated and placed on wet pads of cotton, which were applied 
to the surface to be inoeulated, with the inoculum in contact with the plant. 
The cotton was kept wet for 48 hours by sprinkling it frequently. At the 
end of this period it was removed together with the inoculum adhering to it. 
In the first experiment 15 tender stems, 20 young leaves, lower surface, and 
18 young pods were inoeulated. In each instance over 50 per cent infection 
was obtained. Typical scab lesions were distinct on leaves in 9 days and 
on pods and stems in 12 days. In the second experiment, in which the upper 
surface of 16 young leaves was inoculated, the results were completely nega- 
tive. The controls, 15 in the first experiment, 14 in the second, all remained 
healthy. 

In cross-inoculation experiments in Cuba with Elsinoe phaseoli this lima- 
bean pathogen failed to infect hyacinth bean, sword bean, jack bean, and 
several other legumes (3). Sword bean and jack bean are uncommon in 
Yunnan ; seed of sword bean were available from the plants at Ho-kow, and 
those of jack bean and lima bean were obtained elsewhere. Plants grown 
from these seed were inoeulated with the culture of E, dolichi The method 
was the same as that employed for inoculating hyacinth bean, except that 
both leaf surfaces were inoculated. The results were entirely negative as in 
the case of the cross-inoculation experiments in Cuba with E, phaseoli. 
Figure 2, B, represents natural pod infection of Camvalia^ presumably 
sword bean, by E. canavaliae ; Aguve 2, C, that of lima bean by E. phaseoli. 
The specimens are cited in the legend. 

SCAB OF CASTOR BEAN 

Castor bean {Bicmm conimmvis L.) has long been cultivated for seed in 
widely scattered localities in southern Yunnan, where it grows as a per- 
ennial. Varieties are classified according to petiole color and capsule charae- 
'teristics. 

In June, 1939, the senior writer observed ‘'scab of castor bean’’ at Gee- 
kai (Chi-kai) Station and later, in August, saw plants severely attacked at 
Ta-ehong (Ta-Chaung) . He had already noticed lesions of the scab on her- 
bainum specimens of castor bean collected at Ta-ehong on December 18, 1938, 
by Yu, Wang, and Chao. In these cases three varieties were affected ; Red 
petiole with small thorny capsule, Red petiole with large thorny capsule, 
and Green petiole with large thorny capsule. Other varieties that may be 
affected, as well as actual range of the disease in Yunnan remain to be 
determined. 
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Before the disease was discovered in Yunnan it had been found in For- 
mosa by K. Sawada, who sent specimens to the junior writer. These also 
were severely diseased. 

Symptoms 

Spots are more prominent on the upper leaf surface and are generally J 
although not always, visible below. They may be scattered over the blade 
including the margin; often, ho'wever, they are concentrated along the main 
and lesser veins. At fii’st they appear as small water-soaked areas, which 
soon turn reddish brown, finally becoming pale, ‘'tilleul buff” and ‘‘vina- 
ceous buff, ’ ’ bordered by brown. Where not influenced by veins, individual 
spots are more or less circular, 2 to 3 mm. in diam. Near veins they may be 
elliptical to elongate or triangular and on the lower leaf surface in particu- 
lar, irregularly star-shaped. Vein lesions, below, are inconspicuous, ellipti- 
cal to linear depressed areas 1.5 mm. wide by 1 cm., more or less, in length. 
Severe attack along a rib may prevent its normal elongation, with the result 
that the blade tissue on either side, continuing its growth, becomes wrinkled 
or weaved, and sometimes severed from the diseased rib tissue. The dead 
papery spots may fall away and the leaf become variously lacerated and 
torn, as well as blighted where severely attacked (Fig. 4, A-C). 

Spots on the petiole and stem are elliptical to elongate, sometimes pointed 
at each end, reaching 8 mm. in width by 1.5 mm. or more in length. They 
are at first reddish brown but later become pale, ‘‘tilleul buff,” at the center, 
with a brown or purplish black border. This light colored central part may 
become broken and crumble away. The spots are even with the surface of 
the petiole or stem, or they may be slightly depressed. They may occur 
singly, or be grouped and more or less coalescent (Fig. 4, D). 

The Pathogen 

On the basis of the present study the pathogen of castor bean scab (Fig. 
5) is described as follows : 

Sphaceloma rieini Jenkins and Cheo.® On cankers, conidiophore pali- 
sade, yellowish to amber, sometimes practically continuous as a pale dusky 
layer over all the bordering area, occasionally arched away from the 
hyperplastic tissue of the canker, with slight or not appreciable pseiido- 
parenchymatous base, 10 to 30 p, often 25 to 30 g in thickness, individual 
clumps of eonidiophores sometimes discernible, and where the conidio- 
phores are closely appressed the more slender apices often remaining 
free from contact with one another, individual eonidiophores also sometimes 
standing apart from one another, observed on leaf spots as well as on can- 
kers, awl-shaped to cylindrical, unbranched, or rarely forked, occasionally 
abruptly bent, smooth, or apieulate from acropleurogenous production of 
conidia, apieally more or less abruptly pointed, blunt or smooth, where 
eonidia have been produced sometimes spear-shaped, hyaline to pale yellow ; 

8 Because of unavoidable delay in publishing this article the diagnoses of the two new 
species in Latin were published separately (10). 





Leaf spots of castor bean scab. A and B. Upper leaf surface; 0. lower 
art of B. B. Petiole lesions. Specimen from Ta-Gbung, Yunnan, 0. G. 
, 1939. xl. Pliotograph by Poubert. 
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eonidia of various shapes and sizes, oblong to ovoid, elliptical, or fusiform, 
minute (1-2 p), up to 10-15 by 2.6-4.5 p, smaller eonidia hyaline, larger and 
fusiform eonidia yellowish. 

Distribution: On leaves and stems of castor bean {Riciniis communis L.) 
causing the disease termed “scab of castor bean,” Taihoku, Formosa (Tai- 
wan), and several localities in Yunnan, China. 

Specimens examined: Taihoku, Formosa, July 2, 1938 (Type, IISM 
72921) and August 23, 1938 (USM 72934) ; Ta-chong, Yunnan, China, 



Fig. 5. Sphaceloma ricinL a. Conidial formation from hyphae in six-day-old potato- 
agar culture, 2?, c, d, eonidia. Drawing by Cheo. 

December 16, 1938, T. F. Yu, T. H. Wang, and S. T. Chao (Herb. Nat. Tsing 
Hiia Univ.), Aug. 2, 1939, 0. C. Cheo (USM 73162) ; Gee-kai, Yunnan, June, 
1939, C. C. Cheo (Herb. Nat. Tsing Hua Univ.). 

Cultures 

Sphaceloma ricini was isolated at Kunming and grown on potato, malt, 
and corn-meal agar. A black sector produced in one instance was isolated 
and remained constant throughout many transfers. A black sector also 
developed from the subculture sent the junior writer. The aerial hyphae of 
the culture on corn meal were white, and the medium became violet, although 
not the same shade as in the case of the corresponding eulture of Elsinoe 
dolichi. Conidia produced in culture at Yunnan are represented in figure 5. 
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Inoculations 

The method of inoculating castor bean plants was essentially the same 
as that employed in the experiments with Elsinoe dolichi. In general the 
upper leaf surface was inoculated, as this is obviously more susceptible to 
iiifeetioii than tlie lower leaf surface. 

Infection was obtained on the four varieties inoculated, namely, Green 
petiole variety irith large smooth capsules and that Avith large thorny cap- 
sules, and the Eed petiole variety with large thorny capsules and that with 
small thorny capsules. Good infection was obtained in all cases except in 
the instances Avhere the inoculum was placed on the lower leaf surface or 
where the inoculum was the black strain of the fungus. The black strain, 
oripnatmg as a saltation, was a weak pathogen. The time required for the 
lesions to become visible or distinct ranged from 7 to 15 days with one in- 
stance of _leaf discoloration in 2 days. The lesions in all eases were entirely 
typical of those of scab on castor bean observed in nature. Controls for each 
01 tlie experiments remained healthy. 

PARALLEL CULTURAL COMPARISONS 

The parallel cultural comparison is represented in figure 2, G, a to e and 
H, a to c. Ihe first series of these Thaxter’s potato agar cultures^ grew for 
two weeks at room temperature. In the second series, which is a separate 

then b ^ ^ temperature, 

TniHeS r^i°! ^ temperature (refrigerator) which per- 

mitted slight groAAdh. These cultures were thus three months old wLn 

temperature ^ represents six weeks’ growth at room 

Ehmoe dolkhi, E. phaseoU, and Sphaceloma arachidis, in the order 
named, are represented in figure 2, G, a-c, and H, n-c. The two-week-old 

co]or’’"i S ’ following colorations: il. dolicU, “clay 

side to arachidis, reading from the ouh 

side to the center, cinnamon buff,” “avellaiieous” and “buffv brown ” 

Throughout their development the cultures in figure 2, H, m-c," rented 
distinc from each other; that of E. doUchi became chromo8;nic ‘ wTum 

toril. ““ »' ‘“■i bioMe " v" 

0 nearlj black; that of E. phaseoU was “fawn color” at the 
center and in other parts, “Hessian brown,” “diamond brown,” and black 

CTanrr^h corresponding culture of S. arachidis was gen- 

erall,”drab, i.e., vinaceous drab,” “light Quaker drab,” and “Quaker 

tural Crops and Diseares,^Bureauvf1pianttod^ustrv*^Sf*^r Division of Horticul- 

as follows: 500 g. potat; (mature and ^ 

1*) g- agar. Slice potatoes tliin immediatolTr'^irUi water, 20 g. dextrose, 

Arnold sterilizer, or let simmer in a in the 

Filter through cheesecloth make un to nXl fn*i ’ below 60° C., for one hour, 

trose and li per cent aga^ S cook ?or one ^ per cent dex- 

clave tubes 20 min. at 115° 0. ‘ through cotton, tube, and auto- 
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Figure 2, G, d, and H, d, represents the culture of Sphaceloma ricink 
At the end of the first month the culture in H was '"ochraceous brown” in 
the outer part and '‘Mars brown” at the center, with the medium ehronio- 
genie, "lime green” and "mignonette green”; after 8 months, thallus 
" cinnamon ” with a mixture of other colors, medium uniformly " mignonette 
green. ^ ^ 

The culture of Elsinoe fawcetti in the two series (Fig. 2, G, e, and H, e) 
was of essentially the same coloration; at the end of one month " ochraceous 
buff” at the outside and "walnut brown” deepening to "maroon” at the 
center; aged 8 months, "ochraceous tawny” in the outer part, "pale vina- 
ceous drab” and "light vinaceous drab” over a large area at the center, 
where there were aerial hyphae. 

SUMMARY 

Five diseases caused by Elsinoe and Sphaceloma were discovered by the 
senior writer in Yunnan Province in 1938-1939. These are rose anthraenose, 
grape anthraenose, and sour orange scab, of which previous records else- 
where in China are assembled. The two other diseases, hyacinth bean 
scab and scab of castor bean, are essentially new. Without description, the 
presence of hyacinth bean scab in Uganda, Africa, had been reported by 
Hansford (1932-33) ; also part of the D. C. Edwards’ specimen from Kenya 
Colony, 1930, had been made available to the Junior writer (1936). Simi- 
larly, Sawada had sent specimens of castor bean scab from Formosa prior 
to the receipt of Cheo’s specimens from Yunnan. Symptoms of these two 
new diseases are delineated and their pathogens described, the organism 
from hyacinth bean as Elsinoe dolichi Jenkins, Bitane. and Cheo, that from 
chstor bean as Sphaceloma ricini Jenkins and Cheo. (Diagnoses in Latin 
v;ere made available in 1941.) Inoculations with cultures of S. rieini on four 
different castor bean varieties gave positive results, as did corresponding 
experiments on hyacinth bean with E, dolichi. Only negative results were 
obtained in cross inoculations with E, dolichi on sword bean, jack bean, and 
lima bean. Parallel cultural comparisons on Thaxter’s potato agar included 
one culture each of E. dolichi, two other legume species, E. phaseoU on lima 
bean from Cuba and S. arachidis on peanut from Sao Paulo, Brazil, Sphace- 
loma ricini and E. Lancetti. The cultures were distinct in all instances. 
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THE FIELD INOCULATION OP RYE WITH 
CLAYICBPS PURPUREA" 

E A L P H "W . L E W I s 
(Accepted for publication January 20, 1945) 

INTRODUCTION 

This paper presents a new technique for the inoculation of rye with 
Glav'ioeps 'purpurea (Fr.) Tul. The method consists primarily of produc- 
ing an artificial honey dew by mixing saprophytically grown spores with a 
strong sugar solution. In this solution the spores can be stored for months 
without great loss of viability. Spores do not die when drops of the sugar- 
spore-suspension dry out, and -will germinate readily when water is added. 
In these respects the suspension resembles natural honeydew. A special 
sprayer w^as devised to apply the diluted spore suspension to the blooming 
rye plants. An abstract of this paper w'as previously presented to Phy- 
topathology (9). 

The results of this work may be applied to commercial production of 
ergot and to many scientific problems such as the relation of insects to ergot, 
the testing of grasses bred for resistance to ergot, the taxonomy of species of 
Claviceps, and the study of physiologic specialization within a species. An 
artificial matrix suspension might be used for other fungus or bacterial plant 
pathogens whose reproductive cells are naturally produced in a matrix. 

REVIEW OF THE LITERATURE DEALING WITH THE LARGE-SCALE 
INOCULATION OP RYE WITH ERGOT 

Fairly successful methods for the large-scale inoculation of rye with 
ergot have been worked out by Bekesy (3) and Hecke (5, 6). Bekesy’s 
method is based on the use of a horse-drawn, multiple injecting apparatus 
which deposits spores inside the closed flowers, while Hecke ’s method de- 
pends upon a considerable amount of hand manipulation to cause the flowers 
to open and to apply the spores. Hecke ’s method could not be used for com- 
mercial production of ergot in the United States because it requires too much 
hand labor. Bekesy ’s apparatus might be adapted to commercial produc- 
tion provided the machine does not cause too much injury to the rye, pro- 
vided it will stand the wear and tear of much use, and provided most of the 
infections arise from the initial inoculations. Any method depending upon 
natural spread is not reliable enough for the propagation of ergot in most 
locations where rye is grown. 

McCrea (10), Hynes (8), and Thomas and Ramakrishnan (11) have 
tried large-scale inoculations by spraying aqueous spore suspensions on the 
rye when the plants were in bloom. McCrea \s results using a horse drawn 

1 Condensation of a thesis presented to the Graduate School of Michigan State Col- 
lege of Agriculture and Applied Science in partial fulfilment of the requirements for the 
Degree of Doctor of Philosophy, Approved by the Director of the Michigan Agricultural 
Experiment Station as Journal Article No. 72i (n.s.) . 
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sprayer were so ineonclusive that she says in her summary, Field demon- 
strations have shown it to he improbable that parasitic cnltnre of G . 'purpiirea 
on a large scale would be desirable, under prevailing conditions in Southern 
Michigan/^ Hynes says of the results secured by application of an aqueous 
spore suspension by various means on 200 acres of rye : ‘^ Dry seasonal condi- 
tions generally were adverse to ergot formation. Consequently, yields W'ere 
low (i lb. to 20 lb. per acre), but ergots did develop in most instances— even 
in the driest areas sown to rye.” Thomas and Kamakrishnan sprayed their 
plots twice and a few infections occurred after the first treatment. Ergot 
subsequently spread to the whole field, even to the untreated plots. Their 
results wei’e better than those of McCrea and Hynes, but most of their sele- 
rotia apparently arose from secondary infections, hence a good yield would 
be dependent upon favorable weather. 

Many investigators have had success in small plots by spraying on an 
aqueous suspension of spores. The results of Fron (4) and Hynes (8) 
illustrate this. Heckt (7) was granted German and U. S. patents on a hand- 
operated, multiple injecting apparatus for inoculating rye through the palets 
and lemmas of closed flowers. He claims that large-scale inoculations can 
be made, but here, again, much hand labor would be necessary. Barger (2) 
and Bekesy (3) give good reviews of the literature dealing with attempts at 
large-scale inoculations with ergot. They also discuss an important phase 
of the problem not touched upon in this work : the use of more susceptible 
varieties of rye in order to get maximum infection with minimum inoculation 
effort. 

SEARCH FOR A SPORE MATRIX AND STORAGE OP SPORE SUSPENSIONS 

Observations in the field and information gained from the literature gave 
rise to the hypothesis that the most effective agent for inoculating rye with 
Claviceps purpurea would be a spore suspension with properties similar to 
the sphacelial suspension produced in nature. To be similar, an artificial 
suspension must : (1) prevent immediate germination, (2) protect the spores 
from death by desiccation after application, (3) attract insects, (4) allow 
germination once the spores come in contact with the pistils of the rye flowers. 

Maple sirup, light and dark corn sirups, honey, and a concentrated solu- 
tion of beet sugar were tested to determine their effect on the vitality of 
spores suspended in them. Only the beet sugar gave promising results. 
Table 1 gives the percentage germination of samples removed from quart 
bottles of 50 per cent beet-sugar-spore-suspension. Spores in a sugar solu- 
tion matrix will I’emain viable for months at a low temperature. In tests 
where germination decreased considerably, large numbers of bacteria were 
usually present and the decrease was attributed to them. 

The percentage germination was determined at first by estimation and 
later b}?- a smear method, A drop of suspension was placed on a grease-free, 
sterile slide, smeared to form a thin film, and the slide placed on wet paper 
in a Petri dish. After incubation for about 18 hours at 28° C., the slide wa^ 
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TABLE 1 . — Fercentage germination of samples from sngar-spore-suspensions stored 
at various tem'per attires 


Days suspension 


Storage temperatures, degrees C. 



samples taken 

-18 

0 

12-16 

20-26 

30 

3 

60 

80 

60 

70 

60 


18 

40 

60 

50 

0 

0 


38a 

70 

70 

0 




42 

40 

40 





61 

40 

43 





128 

45 

19 






a Percentages estimated on samples up to 42nd dayj others determined by actual 
count. 


allowed to dry. A cover slip with a small drop of water was placed on the 
slide. Ten high-power fields were counted, combined, and the percentage 
of germination computed. From time to time the sngar-spore-suspensions 
in storage were examined and no germination occurred, not even in those 
stored at room temperature. 

In sugar concentrations from 34 to 66 per cent, spores remained viable 
even when drops of the suspensions were allowed to dry in room air or over 
calcium chloride for 5 days. Neither the variation in sugar concentration 
nor the drying of the suspension reduced the percentage germination. This 
is important because it means that spores applied in the field will remain 
viable for a number of days even though the weather is dry. 

PREPARATION OP SPORE SUSPENSION 

Cultures for the mass production of conidia were grown in quart milk 
bottles using the method of Hynes (8) : 250 ml. of wheat and 250 ml. of water 
were mixed in a bottle, allowed to stand overnight, and autoclaved one hour 
at 15 lbs. A piece of a heavily sporulating stock culture was added and 
mixed thoroughly with the wheat medium by pounding on a rubber stopper. 
All cultures were grown at room temperature and harvested at the end of 
five to six weeks. The cultures were mixed with an equal volume of tap 
water and beaten in a blender, a method of preparing inoculum described 
by Andrus (1). After blending for about two minutes the suspension was 
screened through a 16-mesh and then a 40-mesh screen. To this thick, water 
suspension of spores, medium, and mycelium an equal weight of beet sugar 
was added and stirred until dissolved. Five gallon honey cans were used 
for storage at -18° C. and 0° C. About 44 gal. of the sugar-spore-suspen- 
sion was made from 10 quarts of culture. 

FIELD INOCULATIONS 

A field trial in 1941 using traps for catching flies, exposing them to a 
culture ot Gl(tviceps purpurea and releasing them, failed completely to bring 
about any infections, but did give rise to the basic hypothesis of this work. 
The first trials using a sugar-spore-suspension for inoculation were made in 
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1942 and on four plots an average of 9 per cent of the heads were infected 
as compared to 1 per cent on the control plots. In 1943, five fields were 
inoculated, three with a power sprayer and two with a hand sprayer. Two 
of these fields are described here, with only a few statements about the others. 

The Clark Field 

This field of Rosen rye contained six blocks in a row. Each block wms 80 
ft. long and made up of five lengthwise plots 6 ft. wide arranged with road- 
ways to make them accessible to a sprayer. The spraying was done -with a 
small orchard sprayer (Fig. 1). The boom carried besides the nozzles three 



Fig. 1. The power sprayer used to apply the sugar-spore-suspension to the rye dowers. 

pairs of guides whose construction and arrangement can be seen in the pic- 
ture. At the time this field was sprayed there was only one nozzle between 
each pair of guides and it was adjusted to point into the tops of the rye heads 
as they passed between the guides. 

^Information coneeming the number of treatments and strength and 
quality of spore suspension is in table 2. The plots were sprayed once each 
day on June 8, 9, and 10. Plots in blocks I and V were sprayed once more 
on June 11. Spraying was done in the morning except on June 9 when the 
field was treated in the early afternoon. Duplicate plots in blocks I, II, 
and IV were combined and in blocks V and VI all plots were treated alike. 
The middle plot in each block was Untreated. 

In every block, regardless of the kind of treatment, there was a great 
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difference between the sprayed and unsprayed plots. The lower quality sus- 
pension, with 10 to 30 per cent germination, was less efficient in producing 
infections than was the better quality one. The highest dilution of suspen- 
sion used was just as effective as the more concentrated suspensions. T his 
substantiates similar results from another experiment. The control plot in 
all treated blocks was in immediate contact with one treated plot and sepa- 
rated from the next by a 6-f t. roadway. Carry-over was small, but probably 
accounts for a part of the infection in the controls. The higher percentage 
of ergot in block III as compared to the controls in the treated blocks was 
probably due to its location in a lower part of the field. With the commer- 


TABLE 2 . — Treatments and results on ClarTc Field 


Block 

No. 

Number 

of 

treatments^ 

Plot 

Strength 

of 

suspension 

Percentage 
of heads 
infected^ 

I 

4 

A 

1:1 

43 



B 

1: 3 

38 



C 

(untreated) 

5 

II 

3 

A 

1: 1 

36 



B 

1:3 

30 



C 

(untreated) 

3 

III 

0 



8 

lY 

3 

A 

1: 7 

33 



B 

1 : 15 

35 



C 

(untreated) 

3 

Y 

4 

A&B 

1:1 

25 



0 

(untreated) 

6 

YI 

3 

A&B 

1 : 1 

22 



C 

(untreated) 

6 


a Blocks I; II, and IV were treated with spore suspensions whose germination was 
40-60 per cent,* blocks Y and YI with suspensions of 10-30 per cent, 
b An average for the whole field of 1.8 sclerotia per infected head. 


cial production of ergot in mind, it is noteworthy that the treated area was 
more than one quarter of an acre and that a rapidly moving sprayer apply- 
ing a sugar-spore-suspension inoculum caused a fairly high percentage of 
infection. This was the first attempt to apply this type of suspension with 
a power sprayer and the whole operation was crude w^hen considered in the 
light of the experience gained. 

Flies, present in large numbers on the 1942 plots, were almost absent on 
the Clark Field. Honey bees, however, were plentiful during the treating 
period, especially on those plots with the highest concentrations of suspen- 
sion. Ergot beetles {Acylomus ergoti Casey) were first seen in block I on 
June 20 and continued to be present throughout the field while the sclerotia 
developed. At no time were they as plentiful as on the Soils Field where 
there was an average of one beetle per head. From the few observations 
made, no relationship between the insects and the number of infections was 
established. It is probably true that insects are not a very important factor 
in the spread of ergot if the rye blooms and ripens evenly over the whole field. 
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During the time that this field was being treated the weather was bright 
and warm with only a trace of rain on the first day and with average humid- 
ity. Prom the results of this experiment and observations of others, it is 
believed that the success of this method of inoculating rye is not dependent 
upon hot, humid weather which is usually associated with natural epiphy- 
toties of ergot. Because rain washes the suspension off the heads, it is detri- 
mental. If the droplets remain from day to day, there is a good chance that 
as the flowers bloom the stigmas will come in contact with the droplets of 

suspension on the outside of the heads. 

The Soils Field 

Two adjacent plots of Eosen rye, 15 x25 ft., were planted in October, 
1942. Next to these, two plots of spring rye, each 30 x 25 ft., were planted 
in April, 1943. One of the fall rye plots was sprayed, using a hand sprayer, 
with a 1 : 1 dilution of high quality spore suspension, at the rate of 150 gal. 
per acre, between 8 and 10 a.m. on June 12, 14, 15, 16, and 17. This was dur- 
ing the period of most rapid blooming. The spring rye plots, which were un- 
treated, began to flower June 22 and continued to bloom for 6 days during 
the maximum honey dew formation on the fall rye. 

Sixty-one per cent of the heads in the treated plot, 10 per cent in the 
untreated fall rye plot, and 28 per cent in the spring rye plots produced 
selerotia. The strip of spring rye 6 ft. wide adjacent to the treated plot had 
44 per cent of the heads infected while in the most distant part there were 
only 23 per cent. For the whole field there was an average of 2.0 selerotia' 
per infected head. 

Other 1943 Fields 

One field sprayed three times with a hand sprayer using different concen- 
trations of suspension produced rather poor results. The treated plots 
ranged from 10 to 20 per cent of the heads infected with less than 1 per cent 
in the controls. These poor results were probably due to the cool, misty 
weather that prevailed during half of the blooming period rather than to the 
method of application. Under these conditions the suspension of spores was 
washed off and the flowers did not open normally. 

Fairly good results were obtained from one field which was treated three 
times with the power sprayer between 10 and 12 a.m. one day when the rye 
was at the peak of its bloom. Thirty-four per cent of the treated heads 
became infected, with 5 per cent in the controls. A field of spring rye 
treated with the power sprayer gave rather poor results when the total num- 
ber of applications is considered. Three applications each day on three 
separate days with a 1:7 dilution caused only 60 per cent infection. The 
controls had 13 per cent of the heads infected. The poor results were prob- 
ably due to the fact that sprin|^ rye grows poorly in Michigan: the plants 
were small and the heads very poorly filled. Perhaps a large number of 
flowers were infected without subsequently producing selerotia. 
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■ GENERAL DISCUSSION 

By weighing a miinber of medium sized selerotia it was calculated that 
there are approximately 5,000 selerotia per pound. On the basis of 1,200,000 
heads of rye per acre the approximate yield of ergot in lbs. per acre can be 
computed by multiplying 1,200,000 by the percentage of heads infected, 
multiplying by the average number of ergots per head and dividing by 5,000. 
The figures thus obtained are likely to be misleading from a commercial point 
of view because of losses in harvesting. It was felt that acre yield estimates 
would be unreliable until later work with larger plots would actually show 
that a certain number of pounds of ergot could be harvested from large areas. 

The problem of weather in relation to this method of inoculating rye with 
ergot has not been solved by the experiments presented, nevertheless two 
questions appear to be partially answered. Rain is definitely detrimental 
because it washes otf the sticky droplets of suspension so they fail to come 
in contact with the pistils of later opening flowers. This was observed in 
1942 and in 1943. Bright, clear weather appears to be favorable. Three 
of the four days during the treatment period on the Clark Field were bright ; 
the first day had a trace of rain, but there was enough sunshine to dry it 
rapidly. Further research will be necessary to secure definite answers to the 
many questions about the relationship of weather of this method of inoculat- 
ing with ergot. 

It is obvious from information secured in the Clark Field that ergot does 
not spread far in a field of rye which blooms evenly during bright weather. 
The control strips which wnre adjacent to treated strips had a small per- 
centage of infection, most of which could have been caused by blowing of 
the spray at the time of treatment. Probably the best evidence of failure 
to spread was obtained by examining the field of which these plots were a 
part. Only by careful searching could a sclerotium be found even within 
ten feet of the treated areas. Many authors have made note of this, but it 
bears repeating, because it is one of the first questions that comes up when 
one thinks of producing ergot artificially. It is obvious from the results of 
the Soils Field that if later blooming rye is nearby there may be considerable 
spread. This will undoubtedly also be true of grasses that are susceptible 
to the biologic races of ergot w’'hich attack rye. 

The best time for the application of the spore suspension in relation to 
the blooming of the rye remains to be accurately determined. Rye flowers 
bloom in recurring intervals over a whole field. For 15 minutes a large per- 
centage of the heads have from 1 to 5 flowers open. These close rapidly and 
for about 45 minutes almost no flowers in the field are open j then the bloom- 
ing cycle begins again. The cycles begin about the time the sun strikes the 
field and continue all morning. The number of flowers that open in each 
(^ycle diminishes through tiie early afternoon so tliat by late afternoon bloom- 
ing almost ceases. Cloudy weather and temperature changes influence the 
rhythm of bloom. These observations have not been carefully checked and 
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are of a tentatiYe nature. However, based on tliem, it was concluded that 
tlie best time to^spray is between 7 and 11 a.m. 

A iraniber of factors need further research before it can be said that the 
full capacity of this method to produce ergot is reached. Some of these are : 
(1) the most efficient method of applying the spore suspension, (2) the 
strength of the spore suspension, (3) the strength of the sugar solution used 
for the suspension, (4) the time of application, (5) the rate of application, 
(6) the number of applications, (7) the best age of culture to harvest for 
spores, (8) the best strain of the fungus, and (9) whether or not all applica- 
tions should be made on one day or on different days. Add to these some 
factors which are general to this problem — -(1) the variety of rye, (2) the 
site of the field, (3) the geographical location of the field, (4) machinery for 
harvesting the sclerotia — and one can see, in the light of the results already 
secured, that the possibilities of producing ergot artificially are good if the 
optima for these variables are determined. 

SUMMARY 

A method is described for the preparation of an ergot spore suspension 
which can be kept in cold storage for weeks and probably months, then di- 
luted and used to inoculate rye plants in the field by spraying on the plants 
at blooming time. The suspension consisted of beaten and screened cultures 
to which was added an equal weight of beet sugar. A machine for the appli- 
cation of the spores is described. The results indicate that this is a good and 
relatively simple method of inoculating rye with ergot. 

The writer wishes to express his thanks to Dr. E. A. Bessey for his 
assistance in carrying out this research. 

Department OP Botany AND Plant Pathology, 

Michigan State College, 

East Lansing, Michigan. 
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THE EFFECT OF BRIEF TEMPERATURE TREATMENTS ON 
GERMINATION OF UREDIOSPORBS OF PHRAGMIDIUM 
MUCRONATUM (FR.) SCHLECHT.^ 

Yincent W. Cocheane 
(Accepted for publication February 11 , 1945) 

111 the course of studies on the rate of germination of urediospores of 
Phragmidiwm mucronatum (Pr.) Schlecht., cause of the common leaf rust 
of cultivated roses, it was found that germination at low temperatures was 
greatly increased by exiiosure of the spores to room temperature during the 
period needed to make microscopic counts. In view of the fact that this 
exposure never exceeded 10 minutes, the phenomenon was judged of suffi- 
cient interest to warrant further investigation, 

MATERIALS AND METHODS 

A single-urediospore line of Phragmidmm miicronatum was cultured on. 
the Hybrid Tea variety Briarcliff. This clone was obtained from the rose 
variety Christopher Stone, grown in California.^ Mature urediospores were 
brushed from infected leaflets into a beaker and transferred to a miniature 
‘^puff-duster’’ made of glass tubing. The spores were blown onto the sur- 
face of 5.0 cc. of 2 per cent water agar contained in a Syracuse watch glass. 
The watch glass and agar were held at the planned temperature of incuba- 
tion for at least 8 hours before the spores were sown. Sown plates were 
stacked to prevent drying of the agar, and w^ere incubated at the desired 
temperature. 

Germination was counted microscopically in areas of the agar plate con- 
taining 75--150 spores per sq. mm. In each replicate 250 spores Avere counted 
for each observation; 2 or 4 replicate plates were sown for each treatment. 
The significance of differences between treatments and the agreement of 
replicates were assessed by the Chi-square method.^ 

Previous experiments had shown 18° C. to be the optimum temperature 
for urediospore germination, and all check lots were held at this tempera- 
ture. The limits of urediospore germination are 6° and 28° C. ; germina- 
tion in appreciable percentage occurs only over the range 9-25° C. Tem- 
perature chambers used were equipped with thermoregulators accurate to 
d::l°C. 

RESULTS 

In the first group of experiments spores were sown on agar at a low^ tem- 
perature, 6°, 8°, or 9° C. At stated intervals over a period of 36 hours 2 or 

1 Excerpt from a tliesis presented April, 1944, to the faculty of the G-raduate School 

of Cornell University in partial fulfillment of the requirements for the degree of doctor 
of philosophy. , 

2 The writer is indebted to Dr. H. Earl Thomas, Dept, of Plant Pathology, Uiii- 
versity of California, Berkeley, Cal., for the original supply of rusted leaves. 

sMeCallan, S. E. A. and E. Wilcoxon. The precision of spore germination tests. 
Boyce Thompson Inst. Contrib. 4: 233-243. 1932. 

361 


362 


Phytopathology 


[VoL. 35 


4 of the plates were placed for a short peidod (10 niiniites) in an incubator 
at 27^ C., then returned to the original low temperature. Thus, at the end 
of an experiment there were available for comparison plates which had been 
warmed at each of several different time periods. Germination on these 
various plates was then determined and compared with that of spores on 
plates held uninterruptedly at the low teniperatiire. 

TABLE 1. — The effect of a 10-minute exposure to S7° on spores germinating at 6°, 
or 9° C, Watch glasses containing germinating spores on agar were tahen from the 
low temperature chamber at various intervals during the germination process and were 
held 10 minutes at 27° C., then were returned to the low temperature chamber. Germi- 
nation on the treated plates was counted 24 hours after the time of exposure ; germination 
of the control was counted at 4S hours from the time of sowing 


Experiment 

Base 

tem]:)erature 

Exposed at 
(hours from 
sowing) 

Total 

counted 

Per cent 
germination^ 

Per cent 
increase’^ 
over 
control 

1 

9° C. 

(control) 

500 

68.2 

0.0 



4 hr. 

500 

94.0 

37.8** 



8 

500 

92.4** 

35.5** 



12 

500 

87.2' 

27.9** 



24 

500 

79.4 

16.4** 



36 

500 

65.6 

-3.8 



48 

500 

70.6 

3.5 

2 

8° C. 

(control) 

1000 

28.3 

0.0 



2 hr. 

1000 

52.3 

84.8** 



4 

1000 

59.3 

109.5** 



6 

1000 

63.8 

125.4** 



8 

1000 

50.0 

76.7** 



12 

1000 

44.9** 

58.7** 



24 

1000 

33.8 

19.4** 



36 

1000 

30.5 

7.8 

3 

8° C. 

(control) 

500 

22.8 

0.0 



2 hr. 

500 

65.8 

188.6** 



4 

500 

64.6 

183.3** 



6 

500 

65.8 

188.6** 



8 

500 

61.6 

170.2** 



12 

500 

46.4 

103.5** 



24 

500 

17.4 

-23.7 ■ 



36 

500 • 

19.2 

-15.8 

4 ■■ 

6° C. 

(control) 

1000 

5.7 

0.0 



2 hr. 

500 

29.2 

412.3** 



4 

500 

30.8 

440.4** 



6 

500 

30.0** 

526.3** 



8 

500 

17.6 

208.8** 



12 

500 

9.4 

64.9** 



■■ 24^ . 

1000 

5.3 

-7.0 



36 

500 

5.2 

-8.7 


asterisk in this column indicates significant (99:1) difference among 


b Double asterisk in last column indicates significant (99 :1) increase oyer control. 

The data of 4 experiments are in table 1 . The time of exposure (Column 
3) was measured from the moment of sowing. Thus, for example, the second 
hue in table 1 represents the germination of 2 replicate spore samples held 
4honrsat9°, tlien 10 minutes at 27°, and finally 24 hours at9° C. The con- 
trol m each case was the germination of spores held continuously at the low 
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temperature. Total viability was determined by germinating' a sample of 
spores at 18° C., and in no experiment was germination at this temperature 
lower than 90 per cent. 

The figures of the last column of table 1 express the magnitude of the 
increase in germination caused by the exposure to 27° C. In all eases the 
effect of the treatment was significant at exposure times up to 12 hours from 
the time of sowing, and in two experiments (1 and 2) significant increases 
in germination resulted from exposure at 24 hours. The effect was greatest 
during the first 8 hours, declining thereafter and disappearing at 36 hours 
(24 hours in Experiment 3 and 4). In other wurds, the spores cease being 
receptive to the stimulus of the warming after 12-24 hours, and the maxi- 
mum effect of such treatment is obtained when the exposure is within 8 hours 
of sowing the spores. In this connection, it may be noted that, with spores 
held continuously at 9° C., germination is first evident 4 hours after sowing, 
and that no increase in germination occurs beyond 10 hours from sowing 
of the spores. 

When the period of exposure to 27° C. was reduced to 5 minutes, increases 
of up to 90 per cent were obtained ; in this case the base temperature was 
9° C. 

A population of senescent spores responded in the same way as the fresh 
spores. Germination at 9° C. was 8.1 per cent in this case ; exposure to 27° C. 
for 10 minutes at 6 hours from sowing raised the germination to 36.4 per 
cent. A sample from this population proved to be 83.5 per cent germinable 
at 18° C. 

A further experiment, using a base temperature of 3° C. and fresh 
spores, was performed. In this ease exposure to 27° C. for 10 minutes failed 
to bring about any germination ; as noted previously, no germination occurs 
at 3° C. 

One possible explanation of these results is the occurrence of condensa- 
tion when the cold plates are set in a warm chamber. To examine this possi- 
bility, in one experiment sterile tap water was substituted for agar as the 
germination medium. The results were in all respects similar to those on 
agar .* increases of up to 70 per cent were obtained by a 10-minute exposure 
to 27° C. of spores germinating at 9° C. 

A second possible factor is exposure of the spores to light during the 
transfer from one chamber to another. To test this, two experiments ■were 
made to investigate the effects of warming of plates w^rapped in black paper. 
Although the wrapping in paper reduced germination in all plates, the 
response to warming was proportionately the same as in unwrapped plates. 
Thus, in one ease exposure of wrapped plates for 10 minutes to 27° C. (incu- 
bation temperature 9° C.) 4 hours after sowing increased germination from 
8.0 per cent to 31.2 per cent. 

No measurements of the temperature at the agar surface were made. 
^‘Exposure to 27° C. for 10 minutes’^ does not, therefore, imply that the 
treated spores reached or were maintained at this temperature. The Syra- 
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ciise watch glasses bearing the spores were not stacked during the exposure 
to the high temperature, but were spread out singly. The spore on the agar 
surface was thus presumably separated by only a thin layer of water from 
air at 27° C. Undoubtedly the spores rose in temperature, but the precise 
amount of increase was not determined. 

A related phenomenon was investigated in the experiment summarized 
in table 2. Agar plates sown wdtli urediospores were held for one hour at 
18° C., then for 23 hours at various temperatures known to be non-op timal 
for germination (3°, 6°, 9°, 24°, 27°, and 30° C.). No germination occurs 
during the first hour of incubation at 18° C. After 23 hours at the various 
temperatures germination of each lot "was determined and compared with 
that of control spore samples incubated the entire 24 hours at the same tem- 

TABLE 2. — The effect of a prelimmary one-hour exposure of germinating uredio- 
spores to 1S° C. 071 subseqimit germmaiion at various im favor able temperatures. Spores 
were soiim on B per cent water agar. Treated spores held one hour at 18^ C. and B3 
ho7irs at a7i unfavorable tetnperature were compared with control spores held B4 hours 
at the unfavorable temperature. Each per cent germination, except as noted, was based 
on a count of B50 spores in each of 4 replicates 


Temperature, 

Per cent germination 

Per cent increase^ 

°C. 

Control 

Treated 

over control 

3 

0.0 

1.7 


6 

0.8 

6.6 

725.0** 

9 

6.5 

17.1 

163.1** 

18 

96.6 



24 

77.6 

90.0ii 

16.0** 

27 

5.0 

20.4h 

308.0** 

30 

0.0 

1.3 



« Based on a count of 250 spores in each of 2 replicates, 
b Double asterisk indicates significant (99:1) increase over control. 


perature. In table 2 each lot of treated spores is compared with spores held 
for 24 hours, with no preliminary incubation at 18° C., at the unfavorable 
temperature. 

From the data of table 2, it is evident that the one-hour exposure to 18° C. 
had a significant positive effect, even though at the end of the one-hour 
period no germination had been visibly initiated. 

Consideration of the data of table 2 suggests a point of some interest in 
relation to methods of spore germination. In temperature trials of germi- 
nation it would seem desirable to insure that the germination medium is at 
the control temperature before the spores are sown, rather than to sow the 
medium at laboratory temperature and only then to place the vessels at the 
experimental temperature. 

Evidence on this methodological point was obtained and is presented in 
table 3. A comparison was made between agar plates sown at 18° C. and 
p,laced immediately at the low experimental temperature (7° or 9° C.), and 
similar plates held 24 hours at the low temperature before sowing. The 

latter are designated “preeooled.” 
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111 teiiiperatiire studies of spore germination the niedinni slioiild be 
brought to the desired temperature before the spores are sown. Some 
investigators^ have taken this precaution, others probably have not. 

DISCUSSION AND SUMMARY 

Large increases in germination of urediospores of Phragmidmm mucro- 
natum at 6-9° C. were brought about by brief warming of the germinating 
spores in an incubator at 27° C. The increases were greatest when exposure 
to the high temperature was made during the first 8 hours after sowing of 
the spores; exposure at periods of more than 24 hours after sowing had no 
effect. 

The actual temperature of the agar during the ivarming in the high tem- 
perature chamber was not determined; it is therefore impossible categori- 

TABLE 3 . — The effect on urediospore germination at low temperatures of a pre- 
liminary cooling of the germination medium to the control temperature. Germination 
on precooled agar was compared with that on agar sown at room temperature (£0^ C.) 
and then placed at the low temperature. Germination at 18° C, was 93.9 per cent. Sack 
per cent germination was based on a count of 360 spores in each of 4 replicates 


Temperature 

Treatment 

Per cent 
germination^i 

o 

p 

Preeooled 

6.1 


Not preeooled 

24.4** 

9“ C. 

Precooled 

50.1 


Not preeooled 

79.0** 


a No significant differences among replicates. Double asterisk indicates significant 
(99:1) increase over germination on the corresponding precooled agar. 


eally to state that any particular temperature is decisive. The results sug- 
gest that there may exist some reaction — or reactions — ^in the germination 
process which is limiting at 6-9° C. and which can be completed in a rela- 
tively short time at a higher temperature. 

The germination of urediospores at temperatures too high or too low for 
optimum germination was significantly increased by a preliminary one-hour 
incubation at 18° C., the optimum temperature for germination in this 
species. Again, the speculation that a temperature-sensitive key reaction 
may be completed during the period at 18° C. is suggested by these data. 

From the standpoint of spore germination methods, these results indicate 
that extreme care is necessary, in temperature tests of germination, to insure 
that the germinating spores are always at the desired temperature. In prac- 
tice this requires a preliminary incubation of the germination medium at the 
desired temperature. Further, in studies on the rate of germination, the 
data show that either counts should be made at the control temperature or 
the samples counted at a higher temperature should be discarded. 

4 Straib, W. Pliysiologische Uiitersuchungen fiber Puccinia glum ar um. Centr. Bakt. 
II, 102: 154-188. 1940. 
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111 nature a sliort period of favorable temperature may result in spore 
germination on the leaf even though temperature is generally unfavorable. 
This consideration suggests caution in applying the results of laboratory 
experiments to field problems. 

Department op Plant Pathology, 

Cornell University, 

Ithaca, New York. 


PHYTOPATHOLOGICAL NOTES 


Ejfect of Vernalization on the Development of Stripe in Barley.^ — Glassi- 
fication studies of North American barley varieties required the growing of 
a winter barley nursery at the experiment station in Aberdeen, Idaho, in 
1944. As this nursery was to be planted in the spring, two series of seed 
were prepared and one of them was vernalized. The seed for the planting 
came from a classification nursery grown at Ealeigh, North Carolina, in 
1943. The seed to be vernalized was placed on blotters in Petri dishes in a 
refrigerator at the Plant Industry Station in Beltsville, Maryland, on Feb- 
ruary 23, 1944, where the vernalization was under the supervision of Dr. 
G. A. Wiebe. Sufficient water was added to keep the barley moist. The 

TABLE 1 . — Tercentage of striped plants or culms developing from vernalised and 
nonvernalised seed lots 


Estimated percentage of 
striped plants^ 


Barley strains 


C.I.a 

No. 


June 16 


June 28 


Percentage of 
striped culms 
- at harvest, 
July 29 


Non- 

vernal- 

ized 


Vernal- 

ized 


Non- 

vernal- 

ized 


Vernal- 

ized 


Non- 

vernal- 

ized 


Vernal- 

ized 


Hooded: 


Brugh 76 

6477 

trace 

2 

5 

45 

9 

62 

Huga 

6998 

0 

5 

0 

20 

1 

23 

Tucker 

7039 

0 

5 

trace 

30 

4 

48 

Missouri Early Beardless 

6051 

trace 

10 

trace 

30 

6 

42 

Hooded 16 

6574 

0 

5 

trace 

10 

1 

15 

Iredell 

Bough Atoned: 

6571 2 

15 

10 

50 

9 

60 

Wintex 

6127 

trace 

20 

5 

50 

6 

45 


a C.I. refers to accession number of the Division of Cereal Crops and Diseases, 
b Seed not space planted, therefore exact counts impossible. 

moisture content was kept constant during a vernalization period of 38 days 
or until April 1. The temperature in the refrigerator was 33-34° F. from 
February 23 until March 15, and 31-32° P. from March 16 until April 1. 
At the end of the vernalization period some barley kernels had roots just 
breaking through the coleorhiza, others had roots from a few mm, to 2 cm. 
long. After April 1 the vernalized seed was dried at room temperature for 
3 days and then mailed to Aberdeen, Idaho, where it was planted on April 8. 

In the field, paired lO-foot rows of vernalized and nonvernalized seed of 
the same barley strain from the same seed source made direct comparisons 
possible. During the summer barley stripe {Helminthosporium .gramineum 
Eabh.) was observed on a few of the winter barleys. At the beginning of 
June the vernalized rows of 7 barley strains had typical strif)e infection 

1 Investigations supported in part by a grant from the 'Wisconsin Alumni Besearch 
.Foundation. 
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while no stripe was noticeable on the nonvernalized rows of the sajiie bailee 
strains. Later in the season there was a definite difference in the amount 
of stripe on the vernalized and nonvernalized rows. The observations made 
during the growing season and the counts on the healthy and striped plants 
at harvest in the latter part of July are given in table 1. 

The vernalization process favored the development of stripe. It is possi- 
ble that the myeelinm from diseased seeds infected the healthy seedlings. 
These results indicate that it might be possible to develop a technique for 
testing varietal resistance to barley stripe on the basis of a vernalization 
procedure. — Bwert Aberg, University of Wisconsin and Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Plant Industry Station, 
Beltsville, Md. 

Control of the Gall Disease of Gypsophila Caused hy Phytonionus gypso- 
philae {Brown) Magrou} — The gall disease on newly grafted GypsopMla 
paniculata caused by Phytomonas gypsophilae (Brown) Magrou^ {Bac- 
terium gypsophilae Brown^) was adequately described by Brown. ^ 

In the last .4 years several Ne'w Jersey growers of this plant have experi- 
enced increasing losses from the disease. Under New Jersey conditions, 
well-developed galls appear within 2 weeks after the plants are grafted. 
The galls appear mainly on the upper cut surface of the rootstocks in the 
region where the scion is inserted. They are soft and nodular and vary in 
diameter to 4 cm. As a result of the excessive growth of the galls, the scions 
fail to form a strong union with the rootstock and most of the plants die 
within a month. Where a gall develops along the inside slit in the root, the 
scion commonly is pushed completely away from the root, thus resulting in 
the death of the plant. 

Control Meas%ires, BrowiP recommended dipping gypsophila roots to be 
used for understock for to 2 min. in a 1-1000 mecurie chloride solution 
in order to kill the gall bacteria that may be present on the surface. No 
injury to the roots was reported. 

The same dip was tried by the author in June, 1942, and May, 1944, on 
several hundred newly grafted gypsophila plants but it caused considerable 
damage. A suspension of calomel made by dissolving 1|- oz. gum arabic in a 
gallon of water and adding 2 oz. calomel also caused injury. Apparently, 
in the confined areas of the frames in which newly grafted plants are placed, 
the mercury still adhering to the dipped plants volatizes in sufficient amounts 
to cause considerable injury. 

In May, 1944, and at periodic intervals throughout the summer and early 
fall, the value of other materials was determined. As a result it has been 

1 J ournal Series paper of tlie New J ersey Agricultural Experimeut Station, Butgers 
University, Dept, of Plant Pathology. 

^ Bergey’s Manual of Determinative Bacteriology. Eifth Edition, p. 210. Williams 
& Wilkins, Baltimore. 1939. 

8 Brown, Nellie A. Another ^all-forming bacterium. Phytopath. 22: 924-925. 1932. 

Brown, Nellie A. A gall similar to crown gall produced on Gypsophila by a new 
bacterium. Jour. Agr. Bes. [U. S.] 48 : 1099-1112. 1934. 
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found tliat a 2-iniii. dip of newly grafted plants in a ealciiim liypoelilorite 
solution controls the disease without injuring the plants. Ordinary ealcinin 
hypochlorite sold in grocery and drug stores as chloride of linie was used 
at coiieentrations ranging from 2 to 12 oz. of the powder per gallon of water. 
Concentrations from 2 to 6 oz. per gallon caused no plant injury and still 
controlled the disease. The 12-oz. per gallon rate injured the foliage and 
was discontinued in later tests. 

The preparation of the calcium hypochlorite solution is simple. The 
day before the solution is to be used, dissolve the powder in water and pass 
the solution through filter paper. 

Table 1 presents the data collected from three typical tests during 1944. 

TABLE 1 . — Calcium 'hypochlorite dip to control gall disease of grafted gypsopliila 


Treated plants Control plants 

Date Oz. chemical 


treated 

per gal. HoO 

No. 

Per cent 

No. 

Percent 


healthy 

healthy 

July 15 

6 

25 

100.00 

25 

4 

Aug. 25 

6 

125 

99.92 

125 

25 

3 

125 

97.60 

125 

36 

Sept. 16 

4 

125 

99.00 

250 

50 

2 

125 

98.00 

250 

60 


These data clearly indicate that the gall disease can be controlled by dip- 
ping newly grafted gypsophila plants for 2 to 3 min. in a calcium hypo- 
chlorite solution made by dissolving from 2 to 6 oz. of the powder in a gallon 
of water. 

Among the materials tested and discarded because they caused plant in- 
jury or failed to control the disease were the 1-1000 mercuric chloride solu- 
tion and calomel suspension mentioned ; U. S. Eubber Company, Naugatuck 
Chemical Division Compound 604; and phenyl mercury salycilate dip, which 
is made by dissolving 1 part of the chemical in 400 parts of water.— P. P, 
PiRONE, New Jersey Agricultural Experiment Station, New Brunswick, N. J. 



CULTURE TYPES AND PATHOGENICITY OP ISOLATES ^ 

OP CORTICIUM SOLANU , 

Byeon* R. Houston 2,3 

(Accepted for publication October 9, 1944) 

INTRODUCTION 

The fungus Corticium solani (Prill, and Del.) Bourd. and Galz. (C. 
vagum Berk, and Curt.) {Ehizoctonia solani Eiihii) is known to be present 
in all parts of the world where its host plants are extensively grown. In 
California it causes serious losses in many of the common commercially 
groTOi crops including alfalfa, bean, cotton, cowpea, potato, and sugar beet 
“With the use of these crops in a systejn of rotation, it becomes important to 
know the specialization in relation to pathogenicity within the strains of this 
fungus. 

This investigation was undertaken to increase our knowledge of the para- 
sitism and cultural characters of isolates of the fungus obtained from agri- 
culturally important hosts. - . 

At present the species Corticium solani includes a group of fiuigi hetero- 
geneous in nature wdth reference to their growth characters and their ability 
to produce disease. Studies of the morphologic characters of U. solani by 
Duggar (9), Le Clerg (16), Matsumoto (20), and Rosenbaum and Shapova- 
lov (31) have shown that there may be slight or occasionally somewhat more 
pronounced morphologic differences between individual isolates. However, 
for the separation of cultural types the most desirable method found in this 
investigation was to use the differences shown by the isolates in their growth 
characters, pathogenicity, and physiology. In his textbook on diseases of 
plants, Julius Kiihn in 1858 described and named BMzoctonia solani as a 
fungus causing a disease of potatoes and thus distinguished it from the 
species B, violacea with which it apparently had been previously combined. 
An extemive review of early literature has been given by Duggar (9) and 
Peltier (24) and will not be included here. 

Investigations on racial specialization have been undertaken by several 
workers including Duggar (9), Edson and Shapovalov (12), Gratz (13), 
Le Clerg (17, 18, 19), Matsumoto (20), Monteith and Dahl (21), Peltier 
(24), Sanford (32, 33), and Storey (34). In 1915 Duggar (9) made an 
elaborate study of the common B. solani and concluded that there was little 
marked specialization. Peltier (24)' found no outstanding strain specializa- 
tion in pathogenicity but noted differences in cultural characters. In 1917 
Rosenbaum and Shapovalov (31) identified a new strain of Bhizoctonia 

1 The work herein reported was part of a thesis presented, to the Graduate School of 
the University of California, September, 1939, in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. 

2- Assistant Professor of Plant Pathology and Assistant Plant Pathologist in the Ex- 
periment Station, University of California. 

3 The writer wishes to acknowledge his indebtedness to Dr. M. 'W. Gardner for Ms 

advice and criticism throughout these investigations and for editing the manuscript. 

' 
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oeciirring* on potato on the basis of the type of lesions procliieed by it on the 
potato stems, its growtli and selerotial characters, and the different cell size 
noted when it was compared with their other isolates from potato. Matsu- 
iiioto (20) in 1921 separated isolates of B. solani into several strains and 
suggested a possible specific rank for one of them.^ Le Clerg (16) first re- 
ported pathogeiiically distinct strains on potato and sugar beet ; however, 
he later found (17, 18, 19) that some potato isolates were pathogenic to 
sugar beet and that most sugar-beet isolates were pathogenic upon potatoes. 
Storey (34) reported that some strains had a wide host range whereas others 
possessed a more selective parasitism. 

From the iiwestigations of Muller (22), Prillieux and Delacroix (25), 
Eolfs (29), Ullstrup (35) and others, it can be concluded that there is a 
definite connection between the vegetative stage, Bhizoctonia solani, and the 
perfect stage, Corticmni soMni, so the latter name should be used in prefer- 
ence to tbe former. 

The correct nomenclature of this fungus has long been in controversy. 
The English and American pathologists have used the name Corticmni 
vagum Berkeley and Curtis, whereas the continental European workers 
refer to the same fungus as Gorticmm Prillieux and Delacroix. The 
name Bhkoctonia solani Kuhn is still commonly used in the literature. ' 

In 1891 Prillieux and Delacroix (25) reported the occurrence of the 
basidial stage of a fungus on potato stems. The white mycelial growth, 
which could be easily removed, extended up the stem for several centimeters 
and did not penetrate the epidermis. This mycelial mat produced basidia, 
each with four sterigmata hearing smooth hyaline basidiospores. Under the 
system of classification used by them, the fungus was named Hypochnus 
solani, a new species, but they did not at that time connect this stage with 
the vegetative stage of the fungus, BMzoctonia solani. However, from their 
drawings, descriptions, and measurements, it appears they were working 
with this organism. 

Eolfs (29) observed the basidial stage of this fungus in 1903 on the leaves 
and stems of potatoes while working with the Ehizoetonia disease. He was 
able to germinate the spores and prove the connection between this stage and 
the vegetative stage pathogenic on the tubers and stems. He sent specimens 
of this fungus to Burt at the Missouri Botanical Gardens who referred it to 
Oorticmm vagum Berkeley and Curtis which had been described by the 
English mycologist Berkeley (2) in 1873. This name was originally applied 
by Berkeley to a specimen of a saprophytic fungus producing basidiospores 
on a thin bynienial layer on pine bark sent to him by Curtis from South 
Carolina, No connection between this and the vegetative state B. solani 
was proven. Burt (5), in comparing this with the specimen from Eolfs, 
.noticed slight differences in the size and shape of the basidiospores, and 
thus named Rolf ^s fungus C. vagum B. and C, var. solani Burt. Vegetative 
stages of the two were not compared at this time. Rolfs accepted Burt’s 
classification of the fungus and Hypocknus solani became a synonym. Most 
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American and English workers have accepted this until rather recently. In 
eontinental Europe the name Hypochnus solani was accepted until 1911 
when Bourdot and Galzin (3) recognizing the difference in the systems of 
nomenclature used by Prillieux and Delacroix and by Burt (5) made the 
new combination Coriicnmi solani. This latter name is now preferred by 
English and some American mycologists as well as by those in continental 
Europe, and also was used by Weiss (37) in his revision of the Check List 
of Diseases of Economic Plants in the United States. The complete cita- 
tion, Gorticium solani (Prill, and Del.) Bourd. and Galz., as suggested b.y 
Weiss, seems to be the correct one to use for this fungus. Eecently, however, 
Rogers (28) has included Gorticium solani and several other related fungi 
under the binominal (Pat) Rogers. 

SOURCE OP ISOLATES 

With differences occurring between isolates from the different hosts and 
even between those from the same host, it is necessary, in order to stud;/ 
differences, that many isolations be made from each important host. The 
52 isolates listed in table 1 and used in this study were obtained primarily 
from California and were selected from 260 isolations from 15 different crop 
plants in widely separated regions of the State. The placing of the isolates 
in the cultural groups A, B, and C is discussed in the following section. In 
the selection of the isolates a careful comparison of cultural characters was 
inade of those from the same host and same locality, and only those with 
differences were selected. Also, preliminary pathogenicity trials were made 
on all isolates, and those from the same immediate locality, unless they 
appeared very different in culture, were found to have the same degree of 
pathogenicity on the same hosts. In this way, it is felt that a representative 
group from the more important hosts was selected. Before attempting a 
comparison of the isolates, pure cultures of each were assured by obtaining 
hyphal-tip cultures. All isolates having the prefix number 24 were hyphal 
tip cultures and all those having the prefix number 35 were single or mul- 
tiple basidiospore cultures. 

CULTURAL CHARACTERS 

When growing on an agar medium there were some striking growth dif- 
ferences which were used to separate the isolates into several groups. Mat- 
sumoto (20) used the intensity of the darkening of the culture medium as a 
basis on which to separate the isolates studied by him into three groups. 
However, since this character is variable depending upon the type of culture 
medium employed and the environmental conditions, it must not be consid- 
ered as one of the more important characters of growth. The striking fea- 
tures of growth were the presence or absence of a stroma-like layer of 
mycelium on the surface of the medium, the color of this layer, the relative 
amount of aerial mycelium produced, the abundance, type and color of the 
eclerotia, and the growth rate. 







TABLE l.-Source and culture types of isolates of Corticium solani used in the 
pathogenicity trials 


No. and culture type 
of isolate 

Host from wMeli 
isolated 

Effect on host 

Type A 



24- 9 

Bean, Lima 

Stem canlier 

24-49 

Bean, Mmig 

do 

24-52 

Bean, Pink 

do 

24-21 

Cotton 

Damping off 

24-22 

do 

do 

24-29 

do 

do 

24-30 

do 

do 

84-32 

do 

do 

24-18 

Cowpea, Blackeye 

Stem canker 

24-86 

do 

do 

24-82 

Fenugreek 

Damping off 

24-42 

Potato 

Stem canker 

24-14 

Ehubarb 

Petiole rot 

24- 8 

Spinach 

Damping off 

24-85 

Squash 

Crown rot 

24- 1 

Sugar beet 

Damping off 

24-11 

do 

do 

24-15 

do 

Dry-rot canker 

24-35 

do 

do 

24-38 

do 

do 

24-43 

do 

do 

24-48 

do 

do 

24-80 

do 

do 

24-81 

do 

do 

24- 7 

Tomato 

Damping off 

24-83 

do 

Fruit rot 

Type B 

24- 3 

Sugar beet 

Dry-rot canlcer 

24-17 

do 

do 

24-24 

do 

do 

24-27 

do 

do 

24-34 

do 

do 

24-36 

do 

do 

24-37 

do 

do 

24-40 

do 

do 

24-45 

do 

do 

TypeC 



24-84 

Alfalfa 

Crown rot 

24r-12 

Asparagus 

Stem rot 

24-76 

Bean, Pink 

Celery 

Stem canker 

35- 4 

Basidiospore group 

24- 4 

Potato 

Tuber sclerotium 

24-13 

do 

Stem canker 

24-19 

do 

Tuber rot 

24-28 

do 

do 

24-51 

do 

Tuber sclerotium 

24-69 

do 

do 

35- 2 

do 

Basidiospore group 

24- 6 

Strawberry 

Boot rot 

..35— 1 

Tomato fruit 

Basidiospore group • 

35- 7 

do 

Single basidiospore 


These characters were studied in 100 isolates growing at a constant tem- 
perature of 25° C. on a potato-dextrose agar of pH 6.8. The isolates were 
rather easily separated into three groups, here designated culture types A 
B, andC. 
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Culture type A was characterized by: (1) a heavy stroma-like layer on 
the surface of the medium, at first almost white and later becoming Eidg- 
way’s (27) pale drab gray to light drab. This surface gi^owth often was 
convoluted. A light cinnamon drab, multihyphal strand growth may be 
produced on the surface of this layer; (2) natal brown selerotia, appearing 
as slightly raised areas of the surface growth, often radiating out from the 
point of inoculation and not typically small isolated bodies except those pro- 
duced where the aerial mycelium grew in contact with the sides of the cul- 
ture dish. This latter type was typically flat and not globular; (3) aerial 
mycelium sparse and white to cinnamon; (4) a rapid growth rate (1.0 to 1.8 
mm. per hour) ; (5) often a pronounced darkening of the culture medium. 

Culture type B was characterized by: (1) no pronounced stroma-like 
layer on the surface of the medium; (2) few, natal brown, globular selerotia, 
one to four mm. in diameter, and commonly formed by the aerial myce- 
lium when in contact with the sides of the culture dish, or suspended in the 
air; (3) very abundant aerial mycelium, pale olive buff to sayal browm, and 
forming a solid mass 'which usually grew well above the upper portion of 
the culture medium in a test tube slant; (4) a moderate growth rate (0.6-0.8 
mm. per hour) ; (5) no darkening of the culture medium. 

Culture type C was characterized by : (1) a slight stroma-like layer on 
the surface of the agar, at first vinaeeous buff and becoming wood browui 
with age; (2) selerotia natal brown, globular, with a very irregular surface, 
and often united into groups as large as 15 mm. in diameter. Individual 
selerotia were one to five mm. in diameter and scattered over the surface 
growth; (3) aerial mycelium very sparse or lacking; (4) a moderate to 
slow growth rate (0.5 to 0.7 mm. per hour), (5) none to moderate darkening 
of the culture medium. 

Eepresentative isolates are in figure 1. 

Although there were occasional isolates that appeared to be of a type 
between tw^o of the defined types, as might be expected in such a hetero- 
geneous group of fungi, most isolates could readily be placed in their respec- 
tive group and this scheme affords an easy and workable means of separa- 
tion. It seems to be usable for those isolates of Corticium sokm that are 
parasitic upon the common commercially grown hosts in California and for 
all isolations that were made in the course of this study. 

THE EFFECT OP TEMPERATURE ON RATE OP GROWTH 

The effect of temperature on the rate of mycelial growth of a number of 
isolates was studied. Petri dishes of uniform size were sterilized and 10 ml. 
of sterile i^otato-dextrose agar poured into each dish. Dishes w^ere inocu- 
lated with mycelium inoculum obtained by cutting discs 2 mm. in diameter 
from a point approximately 1 cm. behind the advancing margin of colonies 
growing on the aglir, and placing the discs in the center of the poured dishes. 
In each of two trials four dishes of each isolate were placed at the following 
temperatures : 4^ 10^ 16^ 22^ 25^ 28°, 31°, 34°, and 40° C. The more 
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rapidly growing isolates advanced to tlie edges o£ tlie dislies in about 50 
hours, so a 48dioiir measurement was used in their comparison. 

The isolates could be separated into three groups based upon their 
average growth rates and their optimum and maximum temperatures. Nine 
of the twenty-five isolates studied w^ere selected as representative and are 
shown graphicall}^ in figure 2. The isolates 24-1, 24-7, 24-8, 24-9, and 



Fio. 1. Bepresentative isolates of the three culture types of Cortidum sdlani. Type 
A on the left, B in center, and C on the rig^ht. Above: Top and side views of the isolates 
groAvii for 2 weeks on potato-dextrose agar slants. Note differences in aerial growth and 
sclerotial production. Below: Diameter growth of the isolates after 48 hours at optimuni 
temperatures. 

24-25 can he combined in one gronp with an optimum temperature of 28° C. 
and with a 48-hoiir growth of from 30 to 60 sq. cm. Ivsolates 24-7 and 24-9 
are respectively the slowest and most rapidly growing isolates of this group. 
Other isolates of this gronp, when growth area was plotted, fell between 
40 and 60 sq, cm. The isolates comprising this group are of the cultural 
type A (Table 1). Isolates 24-3 and 24-26 represent culture type B, and 
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IiaTe an optimnm temperature of 28-29® C. and a range of growth at 48 
liours of 10 to 20 sq. cm. Isolates 24r~62 and 24-28 represent culture type C, 
and their optimum temperature was from 24® to 26® C. and their maximum 
temperature was 33° C. as compared to a maximum of 40® C. for the other 
groups. Rarely did an isolate from one group fall within the growth limits 
of another, so that growth rate character could be used in conjunction with 
other gro-wth characters in classifying an isolate. 



Fig. 2. Tlie average growth on potato-dextrose agar of nine isolates of Corticium 
solani attQT 48 liours at nine different temperatures. Isolates 24-1, 24-7, 24-8, 24-9, and 
24-25 are of culture type A; 24-3 and 24-26, culture type B; 24-28 and 24-62, culture 
type 0. Types A and B have the same optimum and maximum temperatures hut vary in 
rate of growth. Type C is distinct in that its optimum and maximum temperatures are 
helow those of the other groups. 

These results generally agree with previous work that has been done on 
different isolates of this fungus. Matsumoto (20) found the optimum tem- 
perature to be about 24° C. Muller (22) reported a temperature range of 
4.5° to 30.8° C. with an optimum at 24° C. for the Hypochnus soZawi that he 
investigated. For the isolates he tested, Le Clerg (19) reported the opti- 
mum temperature for the sugar-beet isolates as 25° to 30° C. and for the 
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potato isolates as 20° to 25° C., but the growtli rates were very similar at 
optimum temperatures. In figure 2, the growth of isolates 24-3 from sugar 
beet was approximately the same as Le Clerg’s average for his sugar-beet 
isolates and the growth of isolate 24-62 from potato was about the same 
as that for his potato isolates. "Walker (36), in working with an isolate of 
EJiizoetofm solmii from cotton, found that the optimum temperature for 
growth was between 27° and 29° C., with the maximum growth being about 
the same as that of isolate 24-1 (Pig. 2). Monteith and Dahl (21), working 
with grass and potato strains, found wide variation in growth rates between 
the potato isolates, with the optimum growth between 25° and 30° C. and 
in most cases nearer 25° than 30°. Their curves for the growth of the 
grass isolates are very similar to the curves in figure 2 for isolates 2^1 and 
24-9, except that their isolates grew about equally w^ell at 25° and 30° C., 
the flat topped growth curve being only slightly higher at 30° C. If they 
had had a trial at 27° or 28° C., the curve might have been very similar to 
the curve obtained in this study for isolates 24-1 and 24r~9. 

MATERIALS AND METHODS USED IN PATHOGENICITY STUDIES 

Differences in pathogenicity of isolates of Coriicmm solani have been 
noted by a number of investigators (10, 12, 17, 18, 19, 23, 30) . In this study 
the trials were limited to inoculations by isolates from previously mentioned 
important hosts upon alfalfa (Medicago sativa L.), pink bean (Phaseolus 
vulgaris L.), cotton {Gossijpmm hirsuftim h.) , potato {Solarium tuherosum 
L.), spinach (Spinacia oleracea L.), sugar heet {Beta vulgaris L.) and 
tomato {Lycopersieum eseulentum Mill.) . In all of the experiments, except 
those involving field inoculations on growing sugar beets, two-thirds cu. ft. 
of steam-sterilized soil in flats was infested by adding to it giant cultures 
of the isolates grown for approximately one month upon 30 g. by dry weight 
of sterile oat grains. This amounted to the addition of approximately 0.1 
per cent of organic matter to the soil. A like amount of oat culture subse- 
quently steam-sterilized wns added to the check flats. After addition of 
the inoculum, the soil was moistened and stirred daily for 6 to 8 days before 
planting. All experiments w^ere in duplicate and w^ere repeated twice. 

Isolations were made from the diseased plants in the infested soil in eacli 
ease and over 99 per cent of all isolations wrere Gortickim solani. All proved 
to be the same isolate that was used in the inoculation. 

PATHOGENICITY ON SEEDLINGS OF FIVE CROP HOSTS 

The results of the pathogenicity trials on the seedlings of alfalfa, cotton, 
spinach, sugar beet, and tomato are in table 2. The total percentage of 
disease wns a summation of the percentage of post-emergence and pre-emer- 
gence damping-off. This summation seemed justifiable because the isolates 
differed only slightly in their pathogenicity to seedlings of different ages. 

The isolates of type A are, in general, very pathogenic on seedlings of 
the five hosts regardless of the host from which they were originally isolated. 
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TABLE 2 . — The relative pathogenicity of isolates of the three culture types of 
Corticium solani on seedlings of five hosts 


Ko. and cul- 

A-P 


Total percentage of disease^ 


ture type of 
isolate 

isolate Alfalfa 

Cotton 

Spinach 

Sugar 

beet 

Tomato 

Type A 

24-9 

Bean, Lima 

100 

98 

96 

90 

78 

24-49 

Bean, Mnng 

100 

100 

83 

57 

90 

24-52 

Bean, Pink 

98 

96 

85 

78 

63 

24-21 

Cotton 

26 

12 

20 

26 

0 

24-22 

do 

100 

90 

•78 

84 

57 

24-29 

do 

84 

89 

73 

57 

0 

24-30 

do 

14 

42 

29 

52 

0 

24-32 

do 

92 

82 

82 

81 

16 

24-18 

Cowpea, Blaekeye 

100 

97 

89 

94 

28 

24-86 

do 

100 

100 

83 

70 

70 

24-82 

Penugreek 

78 

72 

74 

57 

13 

24-42 

Potato 

100 

89 

79 

98 

98 

24-14 

Bhiibarb 

100 

91 

74 

100 

50 

24- 8 

Spinach 

54 

62 

13 

35 

8 . 

24-85 

Squash 

100 

82 

86 

88 

94 

24- 1 

Sugar beet 

100 

94 

54 

98 

98 

24-15 

do 

100 

74 

50 

96 

100 

24-35 

do 

99 

82 

68 

92 

95 

24-38 

do 

95 

73 

77 

97 

34 

24—43 

do 

84 

77 

59 

74 

70 

24-48 

do 

100 

100 

72 

82 

65 

24-80 

do 

96 

93 

72 

95 

46 

24-81 

do 

100 

66 

41 

76 

79 

24-11 

do 

2 

0 

0 

1 

0 

24- 7 

Tomato 

88 

100 

100 

96 

98 

24-83 

do 

14 

100 

23 

21 

26 

Type B 

Average 

82 

79 

64 

73 

53 

24- 3 

Sugar beet 

0 

0 

0 

16 

0 

24-17 

do 

31 

0 

0 

0 

0 • 

24-24 

do 

14 

11 

0 

1 

10 

24-27 

do 

1 

0 

0 

1 

0 

24-34 

do 

1 

0 

8 

0 

0 

24-36 

do 

1 

0 

0 

2 

0 

24-37 

do 

39 

1 

0 

3 

0 

24-40 

do 

0 

0 

0 

13 

19 

24-45 

do 

0 

22 

0 

28 

0 


Average 

10 

4 

1 

7 . 

, 3; . 

Type C 

24-84 

Alfalfa 

27 

5 

16 

0 

0 

24-76 

Bean, Pink 

Celery 

5 

0 

10 

0 

0 

35- 4 

0 

17 

0 

0 

16 

24- 4 

Potato 

14 

12 

0 

0 

0 

24-13 

do 

9 

0 

13 

28 

0 

24-19 

do 

2 

0 

4 

0 

0 

24-28 

do 

1 

0 

0 

■25 

0 

24-51 

do 

19 

13 

. 15 

11 

0 

24-69 

do 

2 

12 

0 

0 

0 

. 35- 2 

do 

2 

0 

0 

19 

0 

24- 6 

Strawberiy 

1 

0 

3 

0 

0 

35- 1 

Tomato 

9 

0 

0 

10 

2 

35- 7 

do 

0 

2 

0 

0 

:• 14 


Average 

7 

5 

„ ,, 5 ■; 

7 

2. 

Control 

Sterile soil 

0 

0 

■: 0'' . 

0 

0 


a Tlie total percentage of disease was Toased upon the surviTing stand of seedlings in 

Ti_j-,-3 ja’lj... ^ J.1* _ x—-*! rvA .i jjj — ^ x?—. 
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There were a few isolates, particularly 24-21 and 24r~30 from cotton and 
24-8 from spinach, which were only moderately pathogenic. Isolates 24-11 
and 35-11 from sugar beet caused little damping-off of any of the hosts. 
Isolate 24-11 w-as originally isolated from a sugar-beet seedling and 35-11 
is closely related to it in that it w-as obtained from the resultant growth of 
a group of basidiospores dropped onto agar from the hymeniiim of 24-11. 
Isolates of type A were commonly found in nature infecting sugar beet, 
bean, co\¥pea, cotton, and spinach. Occasionally they were obtained from 
potato stem lesions. 

The isolates of type B, in contrast to those of type A, have only slight 
seedling pathogenicity, occasionally being pathogenic to seedlings of one 
host but not to those of another. This might be expected of this group since 
isolates of this hind Avere not found on seedlings, and the writer has never 
isolated one of this type from natural infections on any host other than 
sugar beet. 

Isolates of type G proved to be soineAvhat more pathogenic than those of 
type B, but at the most they were onty slightly pathogenic on seedlings. 
They were commonly found infecting potato, producing sclerotia on tubers 
and lesions on stems and stolons. Very seldom have they been isolated from 
naturally infected seedlings of the hosts studied. Most isolates obtained 
from the naturally occurring basidiospore stage have been of this type. 

In general, isolates of type A are capable of attacking the seedlings of 
all the hosts studied, AAdiereas, those of type B are relatively nonpathogenic, 
and those of type C are somewhat variable in their degree of pathogenicity 
but are not severely pathogenic on seedlings. On alfalfa the average per- 
centage of damping-off produced by all of the isolates comprising each of 
the three culture groups A, B, and C was 82, 10, and 7 respectively. The 
disease produced on the other hosts by the three culture types was approxi- 
mately in this same ratio. 

The susceptibility of the five hosts varied somewhat in that tomato was 
usually more resistant to attack than Avere any of the others. This Avas 
especially true of those isolates with only a moderate degree of patho- 
genicity. Spinach aaus somewhat more resistant than alfalfa, cotton, or 
sugar beet, and alfalfa Avas generally the most susceptible. 

There was no damping-off of the seedlings in any of the control flats of 
steam sterilized soil. 

PATHOGENICITY ON PINK BEAN 

Rhizoctonia lesions on bean plants in the field may be observed at almost 
any stage of growth. The surface scabbing of the older stems, hoAvever, is- 
apparently a result of a partial healing and recoA^ery from an earlier in- 
fection. The first record of Rhizoctonia injury to bean seedlings Avas given 
by Atkinson (1). He reported that the fnngus caused damping-off of bean 
seedlings and attacked plants that Avere 6 to 10 inches high. In 1901 Dug- 
gar and Stewart (10) reported this fungus as the cause of a stem rot of 
red kidney beans in the field. Since that time there have been many reports 
oil its occurrence on beans. 
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TABLE 3. — The relative pathogenicity of isolates of the three culture types of 
Cortickm solani on pints hean 


No. and 
culture 
type of 
isolate 

Source of 
isolate 

Emer- 

gence 

Diseased 

seedlings 

Injury 

ratinga 

Points of injury listed 
in order of importance 



Ter cent 

Per cent 



Type A 






24- 9 

Bean, Lima 

28 

100 

3 

Primary root, hypocotyl 

24-49 

Bean, Mung 

58 

98 

3 

do 

24-52 

Bean, Pink 

60 

88 

3 

do 

24-21 

Cotton 

96 

0 

0 

Scabbing on surface 

24-22 

do 

38 

100 

3 

Primary root, hypocotyl 

24-29 

do 

98 

100 

3 

do 

24-30 

do 

100 

70 

2 

Hypocotyl 

24-32 

do 

84 

100 

3 

Primary root, hypocotyl 

24-18 

Cowpea, Blackeye 

44 

92 

3 

do 

24-86 

do 

78 

91 

3 

do 

24-82 

Fenugreek 

64 

82 

2 

Hypocotyl 

24-42 

Potato 

18 

100 

3 

Primary root, hypocotyl 

24-14 

Ekubarb 

22 

100 

3 

do 

24- 8 

Spinach 

92 

0 

0 

Scabbing on surface 

24-85 

Squash 

56 

100 

3 

Primary root, hypocotyl 

24- 1 

Sugar beet 

16 

100 

3 

do 

24-15 

do 

46 

100 

3 

do 

24-35 

do 

74 

100 

3 

do 

24-38 

do 

80 

100 

3 

do 

24-43 

do 

80 

98 

3 

Hypocotyl, primary root 

24-48 

do 

94 

100 

3 

do 

24-80 

do 

88 

100 

3 

do 

24-81 

do 

34 

100 

3 

Primary root, hypocotyl 

24-11 

do 

84 

8 

1 

Hypocotyl 

24- 7 

Tomato 

26 

100 

3 

Primary root, hypocotyl 

24-83 

do 

20 

100 

3 

do 


Average 

61 

86 

2.6 


Type B 






24- 3 

Sugar beet 

98 

10 

1 

Hypocotyl 

24-17 

do 

96 

0 

0 

No injury 

24-24 

do 

94 

5 

1 

Hypocotyl 

24-27 

do 

98 

0 

0 

No injury 

24-34 

do 

98 

60 

1 

Hypocotyl 

24-36 

do 

98 

0 

0 

No injury 

24-37 

do 

98 

60 

1 

Hypocotyl 

24-40 

do 

98 

0 

0 

No injury 

24-45 

do 

98 

18 

1 

Hypocotyl 


Average 

97 

17 

0.6 


Type C 






24-84. 

Alfalfa 

98 

0 

0 

No injurv 

24-76 

Bean, Pink 

98 

0 

0 

do 

. 35- 4 

Celery 

96 

10 

1 

Hypocotyl 

24- 4 

Potato 

100 

0 

0 

No injury 

24-13 

do 

96 

0 

0 

do 

24-19 

do 

62 

60 

2 

Hypocotyl 

24-28 

do 

100 

0 

0 

No injury 

24-51 

do 

92 

0 

1 

Hypocotyl 

24-69 

do 

96 

0 

0 

No injury.' 

35- 2 

do . 

98 

0 

0 

do 

24-6 

Strawberry 

100 

0 

0 

do 

35- 1 

Tomato 

100 

0 

0 

do 

35- 7 

do 

97 

0 

0 

do 


Average 

95 

5 

■ '0.3' 


Control, 

sterile soil 

.....100 

0 

0 

No injury 
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In this study certain isolates Avere capable of attacking the primary root 
of the young plant both before and after emergence of the cotyledons. This 
attack was usually as.sociated Avith SAA'elling and distortion of the hypocotyl 
and with hypocotyl lesions. Other isolates caused no injury to the primary 
root, but severely injured the hypocotyl. Others produced no injury Avhat- 
ever. Since the infections varied as to their degree of severity, an injury 



Fig. 3. The common types of lesion on pink-bean seedlings produced by isolates of 
Cortioimi solani. The large seedling on the left has typical hypocotyl lesions commonly 
produced by isolates of type A or occasionally B. The smaller seedlings on the right have 
the primary root, hypocotyl, cotyledon, and leaf lesions of the type often produced by 
isolates of type A. The seedlings were the same age when photographed, but the two on 
the right were greatly stunted because of the more severe injury. 


rating of 0 for healthy to 3 for severely diseased was used in the classifica- 
tion of the diseased plants and as a means of rating the pathogenicity of the 
isolates. The rating was based npon the percentage emergence and the 
degree of injury to each plant at the end of four weeks. This seemed 
to be a somewhat more accurate measure of the pathogenicity than the per- 
centage of disease alone. The results obtained from the inoculations on 
pink bean are summarized in table 3. * 



1945] Houston: Specialkation in Corticium souani 383 

Isolates of type A witli bat few exceptions ^Yel^e strongly pathogenic on 
pink bean, in some cases eaasing severe pre-emergence injary to the primary 
root and hypocotyl. These few that prodaced slight injary were the same 
isolates that proved to be weakly pathogenic in the seedling trials. The 
isolates obtained from natarally infected beans and related hosts were pre- 
dominately type A, so this groap might be expected to be very pathogenic to 
beans. 

Here again, the isolates of the caltare types A and B can be separated 
on the basis of their ability to prodace disease. Althoagh some B isolates 
caused small hypocotyl lesions, none of them were strongly pathogenic and 
jione prodaced pre-emergence injary or injary to the primary root (Fig. 3) . 
Thas, the most pathogenic isolates of this groap were given an injury rating 
of only 1 as compared to a rating of 3 for the majority of those in groap A. 
Isolates of type B have never been obtained from natarally infected beans. 

Isolates of type C were variable in their pathogenicity on beans bat with 
only two isolates, 24-19 from potato and 24-83 from tomato, was there severe 
injary to the plants. It is of interest that isolate 24-52 originally obtained 
from a very small hypocotyl lesion on pink bean was non-pathogenie. Occa- 
sionally isolates of this type were obtained from natarally infected beans, 
bat seldom did they prodace appreciable injary either to the plant from 
Avhich isolated or to reinocalated plants. 

The average percentage of diseased seedlings produced by all individuals 
of each of the caltare groups A, B, and C was 86, 17, and 5, respectively, 
with corresponding degrees of injary of 2.6, 0.6, and 0.3. 

PATHOGENICITY ON POTATO 

The attack of Corticium solam, then known as Ehkoctonia solan% on 
potato has been known in Europe since 1858 when Kiihn (15) described 
the disease and named the fungus. In the United States Duggar and 
SteYvart (10) first reported the Khizoctonia disease of potato from New York 
in 1901. DiJfferences in pathogenicity of potato isolates have been noted 
by Dana (6), Drayton (7), Duggar (9), Gassow (14), Le Clerg (18, 19), 
Rolfs (30), Rosenbaum and Shapovalov (31), Sanford (33), and others. 

For inoculation tests, seed tubers of the White Rose variety free from 
Corticium sclerotia w^ere surface sterilized with a 1 to 1000 solution of bi- 
chloride of mercury for 1^ hours and planted in soil infested with the iso- 
lates. For each isolate a total of thirty tuber pieces each containing a single 
eye were used in a series of three replications. 

The plants were grown for two months after which they were removed 
and the stems examined for lesions and sclerotia. The results of these trials 
are presented in table 4. 

Most of the isolates of group A were pathogenic on the stems and stolons 
of potato but produced relatively few sclerotia on the tubers. A large 
majority of the stem lesions resulting from the attack by type A were more 
severe than those produced by the other two types and often resulted in 
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coiiiplete girdling at tlie point of infection (Pig. 4). The bean, potato, 
tomato, and sugar-beet isolates of type A were strongly pathogenic causing 
a high percentage of infection. The cotton and spinach isolates were soiiie- 
wliat less pathogenic. The isolates 24r-30 from cotton and 24~8 from spinach 
produced no infections on the stems or stolons. 


TABLE 4. — The relative 'pathogenicity and sclerotial production of isolates of the 
three culture types of Corticium solani on potato 


No. and 
culture type 
of isolate 

Source of 
isolate 

Shoots 
emerged 
from 30 
tuber pieces 

Diseased 

shoots 

Sclerotial 

l^roduetion 

Degree of 
in jury a 



Number 

Ber cent 



Type A 






24- 9 

Bean, Lima 

30 

100 

+ 

3 

24-52 

Bean, Pink 

24 

68 

+ 

2 

24-21 

Cotton 

25 

10 

0 

1 

24-22 ' 

do 

26 

6 

0 

1 

24-30 

do 

26 

0 

0 

0 

24-18 

Gowpea, Blaekeye 22 

60 

0 

2 

24-42 

Potato 

20 

61 

+ 

3 

24- 8 

Spinach 

32 

0 

0 

0 

24- 1 

Sugar beet 

30 

50 

0 

2 . 

24-15 

do 

18 

33 

0 

2 . 

24-25 

do 

20 

40 

+ 

91 

24-11 

do 

24 

16 

0 

1 ’ 

24— 7 

Tomato 

34 

100 

+ 

3 


Average . 

25 

42 


1.7- 

Type B 






24- 3 

Sugar beet 

28 

0 

0 

0 

24-17 

do 

22 

10 

0 

1 

24-24 

do 

24 

0 

0 

0 

24-26 

do 

28 

0 

0 

0 

24-27 

do 

24 

0 

0 

0 


Average . 

25 

2 


0.2 

Type C 






24- 4 

Potato 

21 

18 

•++ 

1 

24-13 

do 

22 

40 

4H- 

9 

24-19 

do 

20 

10 

+ 

1 

24-28 

do 

24 

4 

■n- 

1 

24-51 

do 

26 

10 

++ 

1 

24-69 

do 

•24 

12 

4-f- 

I 

■ 35- 2 

do 

26 

8 

+4+ 

1 

■,.35-. 7 

Tomato 

30 

3 

+ 

0 


Average . 

24 

13 


1.0 

Control ....... 


30 

0 

0 

0 


a 0 =: Wealthy ; l=:sligMly diseased; 2 = moderately diseased ; 3 = severely diseased 
witli no eliance of continued growth, or dead. 


Isolates of type B from sugar beets in contrast to those of type A from 
the same host were weakly pathogenic. Only one isolate, 24r-17, produced 
any infection, and this was mostly super jleial causing no great injury to the 
stem. No sclerotia were produced on the tubers or stems by any type B 
isolate. 

In nature the potato is the most common host for isolates of type C 
(Table 1). In the inoculation trials the isolates of this type were variable 
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in regard to their pathogenicity on potato but all produced some disease. 
The fact that this type produces large numbers of sclerotia on the stems and 
tubers (Fig. 4) undoubtedly explains the widespread distribution and con- 
stant association of this type with potato. 

These results show that the isolates that are most pathogenic to seedlings, 
namely those of the A type, were also the most destructive to potato plants. 
The fact that the potato isolates of the C type produced more disease on potato 
than on the other hosts studied indicates a degree of host specialization for 
the group. 


Pig. 4. The two potato plants on the left have the abundant selerotia commonly 
produced by isolates of culture type C on the stems and tubers. Stem cankers were occa- 
sionally produced by this type. The plant oh the right shows the typical stem girdling 
produced by isolates of type A. Two stems have broken off at the lesion. 

PATHOGENICITY ON SUGAR-BEET ROOTS 

The rotting of sugar-beet roots by Corticium solani after the plants are 
beyond the seedling state is of common occurrence and has been known for 
many years. Pammel (23) in 1891 described Rhizoctonia rot of sugar beets 
and named the fungus BJiizoctonia hetae Kuhn. Duggar (8) reported the 
occurrence of Rhizoctonia on sugar beets in America in 1899. In 1915 
Edson (11) reported that E, solani was capable of attacking the sugar beet 
at any age without the presence of w’^ounds. Edson and Shapovalov (12) 
reported a number of isolates of E. solani from sugar beet as being able to 
attack potato. Le Clerg (16) showed that sugar-beet isolates were patho- 
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genic on sugar-beet roots and seedlings while potato isolates were not. Later 
(17, 18, 19), lie found that some isolates from potato were able to attack 
sugar beets. Peltier (24) found a sugar-beet isolate pathogenic to carna- 
tions. Wiant (38) tested two isolates from sugar beets and found them 
pathogenic on conifer seedlings, peas, cabbage, eggplant, pepper, and tomato. 

This fungus is the cause of dry-rot canker, in certain regions the most 
important root rot of the sugar beet. The infection may be rather general 
over an entire field or limited to small circular areas where nearly 100 per 
cent of the plants may be killed during the season. The symptoms on the 
parts below ground may be of two types (Pig. 5). The more common type 



Fig. 0. The coBimon symptoms produced by Corticium solani on sugar beets. On 
the left is the sunken concentric-ringed dry-rot canker. The beet on the right shows a 
sectional view of the crown-rotting phase. * 


is the moi^e or less localized lesions of dry shrunken tissue each with con- 
centric rings of lighter and darker brown dead tissue and with the internal 
tissue converted into a dry spongy mass in a definite pocket sharply delim- 
ited from the healthy tissue. Occasionally a large open canker is produced 
in which the dry diseased tissue cracks open widely, probably because of the 
continued increase in the circumference of the unaffected portion of the 
root. The other type is the crown infection resulting in the complete de- 
struction of the crown tissues and the death of the leaves. Both kinds of 
infection may be produced by the same isolate. 

During two seasons sugar beets growing in a field that was apparently 
free from natural infection were inoculated with 26 isolates of this fungus 
from various hosts. The fungus was grown on sterilized oats as previously 
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described and when the beets in the field were from 1-| to 3 inches in diam- 
eter, each Avas inoculated AAuth 8 to 10 infested oat grains. The inoculum 
Avas placed in contact Avith or very near the uninjured root or sprinkled be- 
tween the petioles of the leaves on the crown of the plant In three random- 
ized replications a total of 45 root and 45 croAvn inoculations AA^'ere made 
Avith each isolate. During the growing season counts Avere made at monthly 
intervals and all dead beets staked so that they could be accounted for at 
the end of the season. The roots were dug after approximately five months 
at which time they Avere segregated into five classes, 0 to 4 (Fig. 6), as deter- 
mined by the degree of injury. From a practical standpoint isolates pro- 


Fig. 6. Sugar beets infected by Corticium solani following inoculation by placing 
the inoculum at the side of the injured roots. Examples of the four degrees of infection 
(1 to 4) used in the classification of diseased roots, 

ducing an aA^erage injury rating of less than 0.8 can be considered as non- 
in jurious. 

Plants with previously injured roots Avere inoculated Avith several iso- 
lates, and with pathogenic isolates these plants died sooner than plants 
Avith uninjured roots. In no ease did the isolates which failed to infect 
sound roots produce any disease other than a scabbing on the surface of the 
roots that were wounded. In such cases the wound healed very rapidly. 

The results of the inoculation trials on sugar beets are in table 5. In 
the root inoculations, isolates of type A produced a high percentage of dis- 
ease with the exception of the cotton isolate 24-21 which Avas mildly para- 
sitic in these trials. In most cases the injury was severe, often resulting 
in the death of many of the plants within a month after inoculation. Eight 
of the eleven isolates produced over 95 per cent disease with corresponding 
degrees of injiuT greater than 2.9. This indicates the extreme virulence of 
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eiiltiire type A. Isolate 24-11, originally isolated from a sugar-beet seed- 
ling, was only moderately pathogenic on the older roots as compared with 
the other sugar beet isolates. The type A isolates that produced a high 
percentage of disease on the roots were also capable of invading the crown 
tissues. However, there was usually somewhat less infection produced by 
crown inoculation. The percentage of infection and degree of injury pro- 
duced by isolates 24-29 and 24-11 were markedly low in the crown inocula- 
tions. 

Isolates of type B also proved to be extremely pathogenic on sugar beet 
roots. The six isolates tested produced an average disease percentage of 97 
and an injury rating of 3.0. Each isolate produced greater than 87 per cent 
disease. This virulence was outstanding as a point of distinction for these 


TABLE 5. — The relatwe pathogenicity of isolates of the three culture types of 
Corticmm solani on sugar heet roots and crowns 


No. and 
culture type 
of isolate 


Root inoculations 

Crown inoculations 

Source of 
isolate 

Average 
degree of 
injury^ 

Disease, 
I)er cent 

Average 
degree of 
injiirya 

Disease, 

X^er cent 


Type A 






24- 9 

Bean, Lima 

3.4 

100 

3.5 

100 

24-52 

Bean, Pink 

2.2 

82 

2.2 

76 

24-21 

Cotton 

0.3 

18 

0.0 

0 

24-29 

do 

2.9 

96 

0.1 

2 

24^18 

Cowpea, Blackeye 

3.0 

98 

1.9 

62 

24-42 

Potato 

3.5 

100 

3.1 

93 

24-14 

Rhubarb 

3.6 

100 

2.9 

93 

24- 1 

Sugar beet 

3.6 

100 

3.5 

100 

24-15 

do 

3.5 

100 

2.8 

93 

24-25 

do 

3.0 

98 

2.3 

82 

24-11 

do 

1.2 

47 

0.3 

11 

Type B 

Average of group 

2.7 

85 

2.1 

65 

24- 3 

Sugar beet 

2.8 

100 

0.4 

16 

24- 5 

do 

2.5 

93 

0.2 

9 

24-17 

do 

2.4 

87 

0.6 

20 

24-24 

do 

3.2 

100 

0.3 

13 

24-26 

do 

3.1 

100 

0.4 

16 

24-27 

do 

3.7 

100 

0.8 

29 

Type C 

Average of group 

3.0 

97 

0.5 

17 

24-12 

Asparagus 

0.9 

29 

0.0 

0 

24-76 

Bean, Pink 

0.1 

4 

0.2 

7 

24—13 

Potato 

0.3 

13 

0.0 

0 

24-19 

do 

0.8 

24 

0.1 

: ■ .2 . 

24-51 

do 

0.5 

22 

0.1 

2 

, 24-64 

do 

0.2 

11 

0.3 

11 

35- ■ 2 

do 

0.6 

22 

0.1 

2 

■ . :24- 6 ■ 

Strawberry 

0.6 

22' 

0.3 

11 

■„.24-10'', 

Tomato 

0.6 

22 

0.1 

2 

Control 

Average of group 0.5 

19 

0 

r-i O 

O O 

4 

0 


•> 0 - healthy ; 1 = slight infection ; 2 = moderate infection : 3 = moderate-severe infee- 

tion ; 4 ™ se\^ero mtoctioii. 



1945] Houston : Specialization in Corticium solani 389 

isolates because of tbe fact that they were, from a practical standpoint, noii- 
pathogenic on seedlings, including those of sugar beet. Also, when inocu- 
lated on the crown of the beet, isolates of this type were unable to infect the 
petioles and crown tissues, thus differing from most isolates of type A in 
this respect. Undoubtedly these are the reasons for the writer’s failure to 
find isolates of type B commonly associated with natural seedling or sugar- 
beet crown infections. All of these isolates were obtained from the dry-rot 
canker stage of the disease on the sugar-beet roots. 

The relatively low incidence of disease resulting from either crown or 
root inoculations with type G isolates sets them off as a distinct group dif- 
fering from the other two groups in their ability to infect sugar beet. Since 
this type is that commonly associated with the black scurf disease of potato, 
these results agree with those of Le Clerg (16, 18) who found that most of 
the potato isolates were relatively nonpathogenic on sugar beet although an 
occasional isolate from potato stolons was able to readily infect sugar-beet 
roots. The type A potato isolate 24-42 was of this latter type and in these 
trials proved to be extremely pathogenic on sugar beets resulting in infec- 
tions of 100 and 93 per cent in the root and crovm inoculations, respectively. 

DISCUSSION 

The results of the pathogenicity trials clearly indicate that the fungus 
Coriicmm solani can readily be separated into pathogenically as well as cul- 
turally different strains. Some of these strains are limited in their attack 
to a certain host plant and over a period of years have been found constantly 
associated with this plant. Others, however, are capable of attacking a wide 
variety of plants and cannot be considered as being specific to any one par- 
ticular host. In these trials the strain designated as type A was obtained 
from many hosts and is clearly a polyphagous strain showing no host speci- 
ficity, whereas the strains designated as types B and C are highly specific 
as to hosts. The isolates of type B were obtained only from sugar beet roots, 
and those of type C were largely from potato and from basidiospores pro- 
duced in nature. 

Although type B occasionally produced some disease on hosts other than 
sugar beet in the inoculation trials, it has not as yet been found attacking 
any host other than this in nature. Besides being limited in pathogenicity 
to this one host, this strain invades only the enlarged root since it apparently 
cannot infect through the crown tissues nor is it pathogenic on sugar beet 
seedlings. Isolations from naturally infected beet roots have shown that 
isolates of group B are recovered only from infections originating below the 
crown. 

Isolates of type C were obtained largely from potato and were somewhat 
variable in their ability to produce disease. They had little effect upon the 
seedlings of the hosts tested but showed a moderate degree of pathogenicity 
on potatoes. This was particularly true of those originally isolated from 
potato stem lesions or sclerotia. In general, isolates of this type compared 
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culture type A. Isolate 2Ir-ll, originally isolated from a sugar-beet seed- 
ling, was only moderately pathogenic on the older roots as compared with 
the other sugar beet isolates. The type A isolates that produced a high 
percentage of disease on the roots were also capable of invading the Crown 
tissues. However, there was usually somewhat less infection produced by 
crown inoculation. The percentage of infection and degree of injury pro- 
duced by isolates 24r-29 and 24-11 were markedly low in the crown inocula- 
tions. 


Isolates of type B also proved to be extremely pathogenic on sugar beet 
roots. The six isolates tested produced an average disease percentage of 97 
and an injury rating of 3.0. Each isolate produced greater than 87 per cent 
disease. This virulence was outstanding as a point of distinction for these 

TABLE 5. — The relative pathogenicity of isolates of the three culture types of 
Gorticium solani on sugar beet roots and crowns 

No. and 
culture type 
of isolate 

Source of 
isolate 

Root inoculations 

Crown inoculations 

Average 
degree of 
injurya 

Disease, 
per cent 

Average 
degree of 
injurya 

Disease, 
per cent 

Type A 






24- 9 

Bean, Lima 

3.4 

100 

3.5 

100 

24-52 

Bean^ Pink 

2.2 

82 

2.2 

76 

24-21 

Cotton 

0.3 

18 

0.0 

0 

24-29 

do 

2.9 

96 

0.1 

2 

24-18 

Oowpea, Blackeye 3.0 

98 

1.9 

62 

24-42 

Potato 

3.5 

100 

3.1 

93 

24-14 

Rhubarb 

3.6 

100 

2.9 

93 

24- 1 

Sugar beet 

3.6 

100 

3.5 

100 

24-15 

do 

3.5 

100 

2.8 

93 

24-25 

do 

3.0 

98 

2.3 

82 

24-11 

do 

1.2 

47 

0.3 

11 


Average of group 2.7 

85 

2.1 

65 

Type B 






24- 3 

Sugar beet 

2.8 

100 

0.4 

16 

24- 5 

do 

2.5 

93 

0.2 

9 

24-17 

do 

2.4 

87 

0.6 

20 

24-24 

do 

3.2 

100 

0.3 

13 

24-26 

do 

3.1 

100 

0.4 

16 

24-27 

do 

3.7 

100 

0.8 

29 


Average of group 3.0 

97 

0.5 

17 

Type C 






24-12 

Asparagus 

0.9 

29 

0.0 

0 

24-76 

Bean^ Pink 

0.1 

4 

0.2 

7 

24-13 

Potato 

0.3 

13 

0.0 

0 

24-19 

do 

0.8 

24 

0.1 

2 

24-51 

do 

0.5 

22 

0.1 

■ 2 ' . ■ 

24-64 

do 

0.2 

11 

0.3 

11 

35- 2 

do 

0.6 

22 

0.1 

' 2' 

24- 6 

Strawberry 

0.6 

22 

0.3 

11 

24—10 

Tomato 

0.6 

'22 

0.1 

2 


Average of group 0.5 

19 

0.1 

4 

Control 


0.0 

0 

0.0 

0 


» 0 = liealtliy; T = sliglit iiifectioa; 2 = moderate infection; 3 = moderate-severe infoc- 
tion; 4 severe infection. 
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Isolates because of the fact that they were, from a practical staiidpoint, non- 
pathogenic on seedlings, including those of sugar beet. Also, when inocu- 
lated on the crown of the beet, isolates of this type were unable to infect the 
petioles and crown tissues, thus differing from most isolates of type A in 
this respect. Undoubtedly these are the reasons for the writer’s failure to 
find isolates of type B commonly associated with natural seedling or sugar- 
beet crown infections. All of these isolates were obtained from the dry-rot 
canker stage of the disease on the sugar-beet roots. 

The relatively low incidence of disease resulting from either crown or 
root inoculations with type G isolates sets them off as a distinct group dif- 
fering from the other two groups in their ability to infect sugar beet. Since 
this type is that commonly associated with the black scurf disease of potato, 
these results agree with those of Le Clerg (16, 18) who found that most of 
the potato isolates were relatively nonpathogenie on sugar beet although an 
occasional isolate from potato stolons was able to readily infect sugar-beet 
roots. The type A potato isolate 24r-42 was of this latter type and in these 
trials proved to be extremely pathogenic on sugar beets resulting in infec- 
tions of 100 and 93 per cent in the root and crovm inoculations, respectively, 

DISCUSSION 

The results of the pathogenicity trials clearly indicate that the fungus 
Cortiemm solani can readily be separated into pathogenically as well as cul- 
turally different strains. Some of these strains are limited in their attack 
to a certain host plant and over a period of years have been found constantly 
associated with this plant. Others, however, are capable of attacking a wide 
variety of plants and cannot be considered as being specific to any one par- 
ticular host. In these trials the strain designated as type A was obtained 
from many hosts and is clearly a polyphagous strain showing no host speci- 
ficity, whereas the strains designated as types B and C are highly specific 
as to hosts. The isolates of type B were obtained only from sugar beet roots, 
and those of type C were largely from potato and from basidiospores pro- 
duced in nature. 

Although type B occasionally produced some disease on hosts other than 
sugar beet in the inoculation trials, it has not as yet been found attacking 
any host other than this in nature. Besides being limited in pathogenicity 
to this one host, this strain invades only the enlarged root since it apparently 
cannot infect through the crown tissues nor is it pathogenic on sugar beet 
seedlings. Isolations from naturally infected beet roots have shown that 
isolates of group B are recovered only from infections originating below the 
crown. , , 

Isolates of type C were obtained largely from potato and were somewhat 
variable in their ability to produce disease. They had little effect upon the 
seedlings of the hosts tested but showed a moderate degree of pathogenicity 
on potatoes. This was particularly true of those originally isolated from 
potato stem lesions or sclerotia. In general, isolates of this type compared 
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with, those of type A must be classified as very slightly pathogenic on all 
hosts other than potato. 

The variation in pathogenicity is much greater when the isolates are 
gronj)ed according to their original host than when grouped on the basis of 
culture type. Consequently, the culture type is often of more importance 
than is the host from which isolated when attempting a prediction of the 
possible pathogenicity and host range of an isolate. Because of this fact the 
generalization that all isolates from one host will or will not be pathogenic 
on another cannot be made. The fallacy of such a generalization is empha- 
sized when a comparison of the pathogenicity of all the sugar-beet isolates 
is made. Such a group comprises isolates of A and B culture types both of 
which commonly affected sugar-beet roots and proved to be equally virulent 
when reinoeulated onto the roots, but differed markedly in their ability to 
infect other hosts. Since both A and C isolates can attack potato and have 
been obtained from this host, it cannot be said in a general sense that potato 
isolates are nonpathogenic on hosts such as bean or sugar beet. 

These results indicate that the cultural characteristics of an isolate of 
Corticmm solani are more important in the prediction of the host specificity 
or lack of specificity of that isolate than is the host plant from which it was 
isolated. This is an important consideration in any area where a poly- 
phagous strain occurs. 

SUMMARY 

Prom 260 isolations of Corticium solani from 15 different crop plants, 
52 isolates were selected for pathogenicity studies. The selections were 
made on the basis of cultural characters and observed pathogenicity. 

The isolates were separated into three culture types designated as A, 
B, and C based upon the following cultural characters : thickness and color- 
ation of the stroma-like layer on the surface of the medium ; size, abundance, 
and color of the sclerotia ; abundance and color of the aerial mycelium j dark- 
ening of the agar medium; and growth rate. Isolates in group B were ob- 
tained only from sugar-beet roots in the field. 

The effect of temperature upon the growth of 25 isolates was tested. The 
lesults were similar to those obtained tov Corticmm solani by other investi- 
gators. The majority of isolates had an optimum temperature of 28° C. 
and a maximum temperature of 42° C., and were variable in their rate of 
growth. The isolates of type C differed from this in that they had an 
optimum temperature of 25° C. and a maximum temperature of 33° C. 
This difference clearly sets this group off as a distinct temperature group. 
There was some overlapping of growth rates among the three groups so this 
method of separating them could be used only in conjunction with the other 
euitural characters. 

The pathogenicity of 52 isolates was tested on alfalfa, cotton, pink bean, 
potato, spinach, sugar beet, and tomato. 

Alfalfa seedlings proved to be susceptible to the attack of many of the 
isolates. In general type A was highly pathogenic to alfalfa, whereas B 
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and C were variable in virulence, but in no case highly pathogenic. The 
basidiospore isolates of type C were only slightly pathogenic. This is also 
true of isolate 24-11 of type A, which under certain conditions produced 
basidiospores on the inoculated host plants. 

Cotton was susceptible to the same isolates that attacked alfalfa. The 
isolates of type A were the most destructive. Those of type B were prac- 
tically nonpathogenic and those of type C were variable in pathogenicity. 

Spinach seedlings were less susceptible than alfalfa or cotton. How- 
ever, isolate 24-7 of type A was very destructive. The isolates of type A 
were moderately to severely pathogenic, those of type B were nonpatho- 
genic, and those of type C were variable in their degree of pathogenicity but 
in no case were they severely pathogenic. 

Tomato seedlings were killed by this fungus primarily in the pre-emer- 
gence stage. Isolates of type A were more variable in their attack on this 
host than on the others. Isolates of types B and C were nonpathogenic or 
only slightly pathogenic. 

Sugar-beet seedlings were very susceptible to isolates of type A and to 
certain ones of type C, Others of type C and those of type B were only 
slightly pathogenic. 

On pink beans, as on other hosts, the isolates of type A were very destruc- 
tive. The isolates of types B and C were slightly pathogenic and produced 
symptoms on the beans which were different than those produced by the more 
pathogenic isolates. 

The isolates of type A produced severe cankers on potato stems but only 
few sclerotia on the tubers. Isolates of type B produced no cankers or 
sclerotia, whereas those of type C produced a moderate number of cankers 
and many sclerotia. 

Isolates of type A were able to infect growing sugar beet roots either 
through the crown or root, whereas isolates of type B could infect only 
through the root. This latter group could not infect sugar beet or other 
seedlings to any extent and is apparently a specialized group able to infect 
only the growing root of the sugar beet. 

Prediction of the possible pathogenicity of any isolate of Gorticium solani 
obtained from the more important host plants in California is more accurate 
when based upon the known pathogenicity of the culture type to which it 
belongs than when based upon the host from which it was isolated. Two 
isolates of different culture types having the same degree of pathogenicity 
on one host are not necessarily equally virulent in their attack tipon another 
host. 

Division OF Plant Pathology, 

University op California, 

Davis, California 
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SPECIALIZATION IN ERYSIPHB GRAMINIS POE PATHOGENIC- 
ITY ON WILD AND CULTIVATED GRASSES OUTSIDE 
THE TRIBE HORDBAE" 

JoH]sr B. Hardisons 
(Accepted for publication December 20, 1944) 

In previous papers (1, 2) it has been reported that most of the special- 
ized races of Eri^sipJie gramink BC, studied from grasses in the tribe 
Hordeae and the genm Poa are not restricted in infection to the species of 
any one genus. This paper describes the pathogenicity of cultures from 
other grasses. 

literature review 

A general review of the literature dealing with host specialization in 
Erysiphe gramink and a detailed review of previous results with the fungus 
on grasses in the tribe Hordeae and the genus have been presented 
(1, 2). Therefore, this review is restricted to the literature concerned with 
fungus cultures studied from other grasses. 

The specialized variety, Erysiphe gramink aveme, as distinguished by 
Marchal (5) infected Avem fatua^ A. orienialk/ A, sativa^ and Arrhena- 
'therum claims hut not Hordeum vulgare, 8ecale cerealcy or Triticum vul- 
gar e, Likewise, he implied that there was no infection on species of Agro- 
pyran^BromuSjOT Paa, 

Salmon (8) reported that eonidia from Avena saliva infected A. hreviSy 
A. ntiday A. orimtalky A. sativa, A. sierilk, and A. strigosa, but not Arrhena- 
therum claims y Alopecurus pratensk, Dactglk glomeraiay Fesiuca elatiofy 
F. heierophyllaj Hordeum vulgarCy LoUnm italicumy PMeum praiensCy Poa 
annuay Secale cereale, Trkeium praiense, or Triiimm vulgar c, Conidia 
from Avena nuda infected A. hrevky A. nudUy and A. saiiva. In addition, 
Salmon (10) states that conidia from produced full infection 

on A. saiivay subinfeetion on A. praiensk and on one leaf oi Arrhenaiherum 
avena^cimiy but no infection on Bromtts sterilky B. unioloideSy Fesiuca 
elaiiory or Lolkim temulentum, 

Eeed (7) found that conidia from Avena saiiva infected Avena harbata 
Pott, A. brevis Roth, A. cMnensis Fisch., A. faiua L., A. fafua L. var. 
glabraiay A. ludoviciana Dur., A. nuda L., A. nuda L. var. elegantissimay A. 
orienialk Schreb., A. planiculmk Schrad., A. praiensk L., A. piibescens 
Huds,, A. purpurea Gueldenst, A. saiiva L., A. sferilk L., A. strigosa 
Schreb., A. sulcata F. Gay, and Arrhenaiherum avenaceum Beauv. ; but 
there was no infection of Avena bromoides Gouan, A. sempervirens VilL, 

iTbe investigation reported in this paper is in connection with a project of the 
Kentucky Agricultural Experiment Station and is published by permission of the director. 
The study was begun by the author at the University of Michigan. 

2 The writer acknowledges with gratitude the suggestions and criticisms given by 
Dr. E. B. Mains, seed of grasses supplied by many collaborators, cultures of the fungus 
sent by Dr. George WL Fischer, and the aaslstance of Mr. J. B. Swallen in checking the 
identity of the majority of the grasses used. 
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Holciis lanatus L., Ilordeim vulgar e L., or Tritimm vulgar e Vill. Eeed 
(6) reported that oat mildew infected a small percentage of seedlings of 
Arrhenatherum elatius, 

Erysiphe graminis hromi was distingnislied by Marcbal (5) as occurring 
on different species of Bromus, notably B. mollis and B, sterilis. Conidia 
from these two species would not infect Hordeum vulgare. Furthermore, 
this specialized variety would not infect species of Agropyron or Poa^ Avena 
saliva^ Secale cereale, or Triticum vulgare. 

Salmon (8, 9) reported results of an extensive study of Erysiphe gram- 
inis hromi. His work indicates the occurrence of at least five specialized 
races, one on each of the following: Bromus arvensis, B. commutatus^ B. 
hordeace%is var. glahrescens, B. interruptus, and B. tectorum. 

Marchal (5) found that Erysiphe graminis from Molcus lanatus and 
Feshica pratensis would not infect Hordetim vulgare^ but reactions of other 
grasses are not given. 

Salmon (10) reported that Erysiphe graminis from Dactylis glomerata 
infected D. glomerata but not Agropyron repens, Avena sativa^ Hordeum 
vidgare, Lolium tenmlentumy Secale cereale, or Tritieum vulgare. 

MATERIALS AND METHODS 

Selected groups of accessions of 123 species and 8 varieties in 28 genera 
listed in table 1 were tested with 8 cultures of Erysiphe graminis obtained 
from grasses outside the tribe Hordeae. The methods of handling fungus 
cultures and grasses and of making inoculations have been fully described 
(1). The classes of reactions, 0 to 4, used in recording notes were those of 
Mains and Dietz (4, p. 231). 

The term grass accession’’ has been explained, as well as the precau- 
tions taken to assure accuracy in regard to the specific identity of the grasses 
used in all experiments (2, p. 65“66). 

RESULTS 

In table 1 are the general results of inoculating from 1 to many accessions 
of 123 species and 8 varieties of grasses with 8 cultures of Erysiphe graminis 
from 7 genera. These results demonstrate that powdery mildew is not nec- 
essarily restricted to the species of the source genus. The large-scale nega- 
tive evidence permits a better understanding of the host range of additional 
isolates of E. graminis. The grass accessions listed as infected in table 1 
include all cases where definite infection was recorded. 

Distinction between resistant and susceptible types of reaction of grass 
accessions is made in table 2. The 39 accessions of various grass species 
listed in table 2 were selected because of their significance in illustrating the 
differences in pathogenicity as well as the extent of the host range of the 8 
cultures. . 

Culture 5. On Avena sativa^ from Ann Arhor^ Michigan 

Of the many grass species tested culture 5 infected only Avena sativa 
and Trisetum flavescens. Infection of the latter furnishes further proof 
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TABLE l—Tlie number of accessions of various grass species infected after inocu- 
lation with S cultures of Erysiphe gramiuis from 7 genera of grasses 


Culture no. and source genus 

Species tested^ 

AgrosUs 

A vena 

Avena 

Bolypogon 

Dactylis 

Bromus 

Festuca 

Koeleria 

23 

5 

17 

8 

12 

15 

16 

19 


Number of accessions infected^ 


Aegilops crassa Boiss. 


0/1 

0/1 

0/1 

0/1 

0/2 

0/1 


A. cylindrica Host 

0/1 


0/1 

0/1 

0/1 

0/1 

0/1 


A. triuncialis L 


0/1 







Agropyron camnum (L.) Beauv. 

0/1 








A, cristntum (L.) Beauv 

0/1 

0/4 

0/4 

0/4 

0/4 

0/4 

0/4 

0/1 

A. desert orum (Fiseli.) Sehult 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

A. inerme (Seribn. and Smith) Bdyb. ... 


0/12 

0/11 

0/11 

0/11 

0/11 

0/11 

0/3 

A, intermedium (Host) Beauv. 


0/1 






0/1 

A, repens (L.) Beauv 

0/1 

0/1 






0/1 

A. semicosidtum (Steud.) ISTees 


0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

-d. sihirieum (Willd.) Beauv. 


0/5 

0/5 

0/5 

0/4 

0/5 

0/5 

0/2 

A. smithU Bydb. 


0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

A. spicatum (Pursb) Seribn. and 









Smith 

0/1 

0/13 

0/11 

0/5 

0/12 

0/12 

0/12 

0/3 

A, striatum (Steud.) Nees ex Hooh. ...... 



0/1 

0/1 

0/1 

0/1 

0/1 


A, suhsecundum (Link) Hitchc 


0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


A, trachyeaulum (Link) Malte 

0/1 

0/14 

0/14 

0/14 

0/14 

0/14 

0/14 

0/3 

AgrosUs alha L 

1/3 

0/4 

0/4 

2/4 

0/4 

0/4 

0/4 

0/4 

A, exarata Trin 

1/1 

0/1 

0/1 

1/1 

0/1 

0/1 

0/1 

0/1 

A* Memalis (Walt.) B.S.P. 




0/1 

0/1 

0/1 


0/1 


A. interrupta L. 



0/1 

1/1 

0/1 

0/1 

0/1 


A. palustris Huds 

0/1 

0/1 

0/1 

1/1 

0/1 

0/1 

0/1 


A, scahra Willd 




0/1 

0/1 


1/1 


A. spica-venti L 



0/1 

0/1 

0/1 

0/1 

0/1 


A» stolonifera L 



0/1 

1/1 

0/1 

0/1 

0/1 


Alopecurus aequalis Sobol 



0/1 

0/1 

0/1 

0/1 

0/1 


A, pratensis L. 

0/1 


0/3 

2/3 

0/3 

0/3 

0/3 

0/1 

Arrhenathenm elatius (L.) Mert. and 









Koch 

0/1 

0/1 

1/1 

1/1 

0/1 

0/1 

0/1 

0/1 

A vena hrevis Both 



1/1 






A. fatua L 



2/2 


0/1 

0/1 

0/1 


A* nuda L 



1/1 






A. orientalis Schreb 



1/1 






A. sativa L 

0/1 

1/1 

34/34 

0/7 

0/1 

0/1 

0/1 

0/1 

Beckmannia erucaeformis (L.) Host 

0/1 

0/1 

0/1 

1/1 

0/1 

0/1 

0/1 

0/1 

B. syzigachne (Steud.) Pernald 

1/1 

0/1 

0/1 

1/1 

0/1 

0/1 

0/1 

0/1 

Bfomus arvensis L 


0/2 

0/2 

0/2 

0/2 

0/2 

0/2 


B. ’hrkaeformis Fisch. and Mey. 


0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


B, carinatus Hook, and Arn 

0/2 


0/2 

0/2 

0/2 

2/2 

0/2 

0/2 

B. cathartieus Vahl 

0/1 

0/3 

0/3 

0/3 

0/2 

1/3 

0/3 


B. commiitatus Schrad 


0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


B. mermis Leyss 


0/6 

0/4 

0/6 

0/5 

0/6 

0/6 

0/1 

B. japoniciis Thuiib 


0/2 

0/2 

0/2 

0/2 

0/2 

0/2 


B. macrostachys L 


0/2 

0/2 

0/2 

0/2 

0/2 

0/2 


B. macrostachys var. lanuginosus Boiss. 


0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


B. marginatus Nees 


0/7 

0/8 

0/8 

0/5 

3/8 

0/8 

0/2 

B. mollis L 


0/2 

0/2 

0/2 

0/2 

0/2 

0/2 


B. polyanthus Seribn ; 


0/1 

0/1 

0/1 

0/1 

0/2 

0/1 


B. purqans L. ! 


0/2 

0/2 

0/2 

0/1 

0/2 

0/2 
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TABLE 1. — {Continued) 


Culture no. and source genus 

.00 

OS 

Species testeda g 

Avena 

Avena 

. 

o 

*55 

o 

Dactylis 

Bromus 

Festuca 

Koeleria 

23 

5 

17 

8 

12 

15 

16 

19 

Number of accessions inf ectedb 

B, r igid us Both 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


J5. rubens L 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


B. seealimis var. velutinus (Sehrad.) 








Koch 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


B. squarrosus L 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


B. iectorum L 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


B. iectorum var. glabratus Spenner 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


B, vulgaris (Hook.) Shear 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


Dactylis glomerata L 0/5 

0/8 

0/8 

0/8 

8/8 

0/8 

0/8 

0/8 

Danthonia parryi Scribn 


0/1 

0/1 

0/1 




D. semiannularis B. Br 


0/1 

0/1 

0/1 




Desehampsia caespitosa (L.) Beauv. ... 2/2 

0/2 

0/2 

2/2 

0/2 

0/2 

0/2 

0/2 

TJ^ danthonioides (Tim.) Munro 


0/1 

1/1 

0/1 

0/1 

1/1 


D. elongata (Hook.) Munro 


0/1 

0/1 

0/1 


0/1 


Elymtls canadensis L 

0/5 

0/4 

0/5 

0/5 

0/4 

0/5 

0/2 

E, condensatus Presl 0/1 

0/4 

0/4 

0/4 

0/4 

0/4 

0/4 

0/1 

E. daJmricus Turez 0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

E. glaiicus Buckl 

0/4 

0/3 

0/3 

0/2 

0/3 

0/3 


E. junceus Eiseh 0/1 

0/2 

0/1 

0/1 

0/1 

0/1 

0/1 


E. sihiricus L 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


E. triticoides Buckl 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

E. villosus Muhl 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


E, virginiciis L 

0/4 

0/4 

0/4 

0/4 

0/4 

0/4 


E, virginiciis var. glabriflonis (Yasey) 








Bush 0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


E. virginicus var. intermedins (Yasey) 








Bush 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 



Festuca arizonica Yasey 


. 0/1 

1/1 

0/1 


0/1 


F. elatior L 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

■ 

F, elatior var arundinacea (Sehreb.) 








Wimni 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


F.gigantea (L.) Yill 

0/1 

0/1 

1/1 

0/1 

0/1 

0/1 


F. idahoensis Elmer 


0/1 

0/1 

0/1 

0/1 

1/1 

0/1 

F.: obtusa Spreng* 


0/1 

0/1 

0/1 

0/1 

1/1 


F. oecidentalis Hook. 


0/1 

0/1 

0/1 


1/1 


F, octo flora Walt. 1/1 


0/1 

1/1 

1/1 

1/1 

1/1 


F, ovina L 


0/1 

1/1 

0/1 

0/1 

1/1 


F* rulira L 

0/1 

0/2 

0/2 

0/2 

0/1 

0/2 


F. rubra var* commutata Gaud. ......... 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


F. scabrella Torr 


. 0/1 

0/1 

0/1 

0/1 

0/1 


F. thvrberi Yasey 


. 0/1 

0/1 

0/1 


1/1 


F, viridnla Yasey 


. 0/1 

0/1 

0/1 


1/1 


Solcus lanatus L. 0/1 

0/1 

0/1 

1/1 

0/1 

0/1 ■■ 

0/1 


Eordeum bulbosum L. 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


jS*. gussoneannm Pari 

0/1 


0/1 

0/1 

0/1 



E, jubatum L 

0/1 


.0/1 

0/1 




E, jubatum var. caespitosum (Scribn.) 








Hitchc. 

0/1 

0/1 

0/1 

0/1 

0/1 



E. murinum L. ....: 

0/1 







E. nodosum L 

0/1 


0/1 

0/1 

0/1 

0/1 


E. vulgar e L 0/1 

0/2 

0/2 

0/2 

0/2 

0/2 

0/2 

0/2 

Eystrix patula Moench 0/1 


.. 0/1 

0/1 

0/1 

0/1 

0/1 

0/1 
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TABLE l.—(fioKtimed) 


Culture no. and source genus 


s 

O 


Species tested® 

Agrosti 

Avena 

Avena 

o 

Dactyli 

55 

§ 

o 

pq 

Festuct 

o 

N : 


23 

5 

17 

8 

12 

15 

16 

19 



Number 

of accessions infected^ 


Koeleria cristaia (L.) Pers 

4/5 

0/5 

0/7 

6/7 

0/7 

0/5 

0/7 

6/6 

Lolmm muUifloTum Lam 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

L. perenne L. 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

Milium effusum L. 


0/1 

0/1 

1/1 

0/1 


0/1 


Pkalaris arundinacea L. 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

PJileum pratense L 

2/3 

0/3 

0/3 

3/3 

0/3 

0/2 

0/3 

0/3 

Poa ampla Merr. 


0/7 

0/31 

0/3 

0/3 

0/3 

0/30 

0/7 

Poa arachnifera Torr 



0/1 

0/1 

0/1 

0/1 

0/1 


P. arctiea R. Br 


0/1 







P. arida Vasey 



0/1 




0/1 


P. 'bul’bo&a L 


0/1 

0/4 




0/4 

0/1 

P. canbyi (Seribn.) Piper 

0/1 

0/3 

0/8 

0/4 

0/4 

0/4 

0/9 

0/3 

P. compressa L 

0/2 

0/3 

0/3 

1/1 



0/3 

0/3 

P. eurta Bydb 


0/1 

0/1 

1/1 


0/1 

0/1 

0/1 

P. cusicTcii Vasey 


0/1 

0/2 

1/1 


0/1 

0/2 

0/1 

P. epilis Seribn 


0/1 

0/2 

0/1 

0/1 

0/1 

0/2 

0/1 

P. gracilUma Vasey 


0/1 

0/3 

0/2 

0/1 

0/2 

0/3 

0/2 

P. interior Rydb 



0/1 

0/1 

0/1 

0/1 

0/1 


P. juncifoUa Seribn 


0/2 

0/5 

0/1 

0/1 

0/1 

0/5 

0/2 

P. nemoralis L. 


0/3 

0/8 

0/5 

0/3 

0/5 

0/4 

0/1 

P. nervosa (Hook.) Vasey 



0/2 

0/1 

0/1 

0/1 

0/2 


P. nevadensis Vasey 

b/i 

0/3 

0/6 




0/6 

0/3 

P. palustris L 

0/2 

0/3 

0/6 

0/3 

0/3 

0/3 

0/6 

0/3 

P. pratensis L 

O/i 

0/14 

0/15 

1/7 


0/6 

0/5 

0/11 

P, seadrella (Thurb.) Benth 


0/1 

0/3 

0/3 

0/3 

0/3 

0/3 

0/1 

P. seeunda Presl 

b/i' 


0/6 

0/3 

0/4 

0/3 

0/6 

0/3 

P. sphondyloides Trin. 


0/3 

0/5 

0/1 

0/1 

0/1 

0/4 

0/3 

P. sterilis Bieb 



0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

Polypogon monspeliensis (L.) Desf. .„ 

0/1 


0/1 

1/1 

0/1 

0/1 

0/1 

0/1 

Puccinellia distans (L.) Pari. 

0/1 


0/1 

1/1 

1/1 

0/1 

0/1 

0/1 

Seeale cereale L 

0/2 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

Sitanion hystrix (Nutt.) J. G-. Smith 0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

S. jul}atum J, G. Smith 

... 0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

Trisetum flavescens (L.) Beauv. 

... 0/1 

1/1 

0/1 

1/1 


0/1 

T. spicatum (L.) Bicht 

,... 0/1 


0/1 

0/1 

0/1 


1/1 


Triiicum aestivum L 

.... 0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 

0/1 


aHitclicock (3) was followed wherever possible for the nomenelature of the grasses. 
f> Numerator of fraction refers to number of accessions infected; denominator refers 
to total number of accessions tested. 


that Avena mildews are not necessarily restricted to species of Avena. The 
many negative results give a more complete understanding of the host range. 

Culture 17. On Avena sativa, from Pullman, Washington 

Culture 17, started from dry, infected leaves sent by Dr. George W. 
Fischer, infected Avem Irevis, A. fatua, A. nuda, and A. orientalis. On 
varieties of A. sativa the following reactions were recorded : very susceptible 
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TABLE 2 . — Beactmis of SQ accessions of grasses to S cultures of Erysiplie graminis 


Grass accessionsa 


Culture no. and source genus 


Agrostis 

Polypogon 

Arena 

Arena 

Bactylis 

Bromus 

Festuca 

Koeleria 

23 

8 

5 

17 

12 

15 

16 

19 



Types of reactioni^ 



Agrostis exarata 21 

4 

2-3 

0 

0 

0 

0 

0 

0 

Agrostis palustris 22 

0 

2-3 

0 

0 

0 

0 

0 

0 

Alopecurus pratensis 234 

0 

3-4 

0 

0 

0 

0 



Arrhenatherum elatius 23 

0 

3-4 

0 

1 

0 

0 

0 

0 

Avena sativa 369 


0 

4 

4 

0 

0 

0 

0 

BecTcmannia erucaeformis 11 

0 

2 

0 

0 

0 

0 

0 

0 

JBecTcmannia sysigachne 12 

0-3- 

3-4 

0 

0 

0 

0 

0 

0 

Bromus carinatus 229 

0 

0 

0 

0 

d 

4 

0 

0 

JDactylis glomerata 31 

0 

0 

0 

0 

3-4 

0 

0 

0 

Beschampsia caespitosa 9 

2 + 

3 

0 

0 

0 

0 

0 

0 

Besehampsia caespitosa 10 

3- 

2 

0 

0 

0 

0 

0 

0 

Beschampsia danthonioides 318 


3- 

0 

0 

0 

1 

3-4 


Festuca idahoensis 250 


0 

0 

0 

0 

0 

4 

0 

Festuca octo flora 323 

4 

2- . 

0 

0 

3- 

0-1 

4 


Festuca ru'bra commuiata 85 


0 

0 

0 

0 

0 

0 


Solcus lanatus 187 


2-3 

0 

0 

0 

0 

0 


Koeleria cristata 32 

2 

1-2 

0 

0 

0 

0 

0 

3 

Koeleria cristata 33 

2 

1 + 

0 

0 

0 

0 

0 

2 

Koeleria cristata 34 

0 

1 

0 

0 

0 

0 

0 

4 

Koeleria cristata 35 

1 

2-3 

0 

0 

0 

0 

0 

4 

Milium effusum 223 


2-3 

0 

0 

0 

0 

0 


Phalaris arundinacea 13 

0 

0 

0 

0 

0 

0 

0 

0 

Phleum pratense 15 

0 

2-3 

0 

0 

0 

0 

0 

0 

Phleum pratense 16 

2-3 

1-3 

0 

0 

0 


0 

0 

Poa canhyi 43 

0 


0 

0 



0 

0 

Poa compressa 49 

.......... 0 


0 

0 



0 

0 

Poa compressa 50 

0 

2 + 

0 

0 

0 


0 

0 

Poa curia 51 


2- 

0 

0 

0 

0 

0 

0 

Poa nevadensis 59 

0 


0 

0 



0 

0 

Poa palustris 57 

0 


0 

0 



0 

0 

Poa palustris 65 

0 


0 

0 



0 

0 

Poa pratensis 68 

0 

0-1 

0 

0 

0 

0 

0 

0 

Poa pratensis 69 

d 

0 

0 

0 


0 

0 

0 

Poa pratensis 70 

:.... 0 

0 

0 

0 



0 

0 

Polypogon monspeliensis 230 

0 

4 

0 

0 

0 

0 

0 

0 

PuccinelUa distans 251 

0 

2- 

0 

0 

2 + 

0 

0 

0 

Trisetum flavescens 228 

0 

2-3 

3 

0 

0 


0 


Trisetum spicatum 329 

........... d 

0 

0 

0 

0 


2 + 



a Accession numbers assigned to grass collections by the writer. 

^ Classes of reaction expressed according to the system of Mains and Dietz (4) : 

0 — ^Highly resistant. Little or no mycelium. Chlorotic or necrotic flecks on 

some hosts. 

1— Yery resistant. Slight to moderate mycelium. No sporulation. Chlorotic 

or necrotic spots may develop. 

2 — ^Moderately resistant. Moderate to abundant mycelium. Slight sporulation. 

Chlorotic or necrotic areas may develop. 

3 — ^Moderately susceptible. Moderate to abundant mycelium. Moderate sporula- 

tion. 

4 — ^Very susceptible. Abundant mycelium and sporulation. 

— Indicates no test was made. 
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— Marktoii 0.1. 2053, Ricliland O.I. 787, Boone C.I. 3305, Marion C.I. 3247, 
Bond C.I. 2733, Victoria C.I. 2401, Anthony C.I. 2143, Columbia C.I. 2820, 
D™67, C.I. 2870, Plughafer C.I. 3516, Pulghum C.I. 708, Gopher O.I. 2027, 
Green Mt. C.I. 1892, Hancock C.I. 3346, lomine C.I. 2827, Makota C.I. 2885, 
Eainbow O.I. 2345, Ruakura C.I. 2025, Schwartzhafer C.I. 3520, White Tartar 
C.I. 551, Sterisel C.I. 2891, Victoria C.I. 1197 and White Tartar C.I. 3139; 
moderately susceptible — logold C.I. 2329, Erban C.I. 3477, Glabrota C.I. 2630, 
Landhafer C.I. 3522, Mutica Ukraina C.I. 3259, Richland C.I. 847, Fulton 
C.I. 3327, Bannock C.I. 2592, Red Rustproof C.I. 458, Marida C.I. 2571 
and Joanette C.I. 2331. 

A very resistant reaction on Arrhenatherum elatius was the only iiifee- 
tion outside the genus Avena, and only 3 of 81 plants tested of this grass 
gave this reaction. The discrepancies between the results with Avena 
mildew obtained by previous workers in regard to the infection or non- 
infection of A, elatius could easily be attributed to the variability in A. 
elatius as well as to probable differences between the oat mildew cultures 
studied by each of the workers. A. elatius was also variable in its reaction 
to culture 8 from Polypogon monspeliensis. No variety of AvencC sativa 
was resistant in the present study. Trisetum flavescens was uniformly, 
moderately susceptible to culture 5 and highly resistant to culture 17. On 
the basis of the reactions of this grass species to these two cultures patho- 
genic specialization is demonstrated in Erysiphe graminis from Avena. 

Culture 12. On Dactylis glamerata, from Ann Arlor, Michigan 

Culture 12 produced different types of infection on several accessions of 
Dactylis glomerata and moderately resistant reactions in Festuca octoflora 
and Puccinellm distans. The differences in reaction among accessions of 
Dactylis glomerata afford an opportunity to select for mildew resistance. 
This mildew culture probably represents a distinct specialized variety of 
Erysiphe graminis. 

Culture 15. On Bromus carinatus, from Pullman , Washington 

Culture 15 was started from infected plants sent by Dr. George W. 
Fischer and infected only a few species of Bromus. The very resistant 
reaction of Festuca octoflora furnishes the only evidence of infection outside 
the genus Bromus. Chlorotic spots were produced on Deschampsia dan- 
thomoides indicating that other susceptible grasses might eventually be 
found. The results in table 1 provide considerable negative evidence that 
has been lacking in all previously published records. 

Culture 16. On Festuca idahoensis, from Pullman, Washington 

Culture 16 was obtained from infected plants sent by Dr. George W. 
Fischer. It infected Agrostis scabray Deschampsia danihonioides, various 
species of Festuca, and Trisetum spicatum. The species of Festuca varied 
in reaction from very susceptible to highly resistant. Certain species of 
Festuca w'ei*e not infected by culture 16 but were susceptible to other eul- 
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t tires wliicli originated on other genera, eultnre 8 from Folypogon midi 
enltiires from Poa previously reported (2). 

GiiUure 19. On Koelerm cristata, from Pullman^ Washington 

Culture 19 was collected in the Soil Conservation Service nurseries. It 
infected only collections of Koeleria cristata, and these differed in reaction. 
Three were very susceptible, two were moderately susceptible, and one was 
moderately resistant. Festuca ooto flora and Deschampsia danthonioides 
were critical species to demonstrate infection outside the source genus for 
the cultures from Bromtts, Daetylis, and Festuca. Unfortunately these two 
grasses were not available at the time culture 19 was studied. 

Cultured. On Poly pogon monspeliensisj from Yakima, Washington 

Culture 8 produced infection on many grass species of the genera in 
several tribes as follows : Tribe Festuceae — Festuca, Poa, and PuccinelUa; 
Tribe Aveneae — Arrhenatherum, Deschampsia, Holcus, Koeleria, and Tri- 
setum; Tribe Agrostideae — Agrostis, Alopecurus, Milinm, . Phleum, and 
Polypogon; and Tribe Chlorideae — Beckmannia. Culture 8 stemmed from 
a single pustule transfer, and a single colony isolation from this culture 
did not differ in host range. Therefore, culture 8 can be regarded as an 
individual race and not a mixture. 

Culture 23. On Agrostis exarata, from Klickitat County, Washington 

Culture 23 was started from infected, living plants sent by Dr, George 
W. Fischer. Infection was produced on Agrostis alha, A. exarata, Beck- 
mannia syzigachne, Deschampsia caespitosa, Festuca octo flora, eiXid Koeleria 
cristata. The infection of grasses in several tribes is somewhat similar to 
that produced by culture 8 from Polypogon. The two cultures are, of 
course, very different. Eesults with these two cultures and others suggest 
that there is probably a complex group of mildew races with overlapping 
host ranges affecting the grasses, especially Agrostis, Phleum, Beckmannia, 
and Polypogon in the tribe Agrostideae. Powdery mildew is commonly 
reported on these genera in the Pacific Northwest. 

DISCUSSION 

The various cultures differ in degree of specialization. Culture 8 from 
Polypogon monspeliensis infected 26 species of 17 genera in 4 tribes, and 
culture 23 from Agrostis exarata infected 7 species of 6 genera in 4 tribes 
of the Gramineae. Erysiphe graminis from Arena, Bromus, Dactylis, and 
Festuca have so far produced infection on a very few species outside the 
genus from which they were collected. Culture 19 from Koeleria infected 
only Koeleria cristata. 

Certain cultures are comparable to previously described specialized 
varieties. Cultures 5 and 17 could be classed as Erysiphe graminis avenae 
and culture 15 as E. graniinis Iromi. If this system were continued mildew 
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eultiires would be given varietal names based on the host genus from which 
they were collected. Since it was demonstrated previously (1, 2) and in 
the present study that most mildew cultures studied will infect species of 
two or more genera, two or several varietal names might be given to the 
same mildew race. Culture 12 from Dactylis glomerata could be named for 
either Dactylis or Festuca, and culture 16 from Festuca idakoensis might 
be named for Festuca or Deschampsia, depending upon the host genus from 
which the mildew races were obtained. Culture 8 from Polypogon mon- 
speliensis and culture 23 from Agrostis exarata have wide host ranges. 
Grasses in several genera were distinctly susceptible to these two cultures, 
and thus several varietal names based on the source genus might be given 
to these two cultures, dependent again on the host genus on which these 
mildews are collected. 

Many of these cultures, especially cultures 8 and 23, probably could be 
collected again on grass species of different host genera. Indiscriminate 
application of varietal names to races of Erysiphe gramims based only on 
the source genus can lead to repeated duplications, unavoidable synonyms, 
and unnecessary confusion. It would appear more desirable, at least for 
the present, to use laboratory or numerical designations for cultures of the 
fungus. 

It is significant that all cultures of Erysiphe graminis from grasses out- 
side the tribe Hordeae studied in the present investigation and previously 
reported from the genus Poa (2) infected only grasses outside this tribe. 
It was reported previously (1) that cultures studied from grasses in the 
tribe Hordeae infected only grasses in that tribe. 

With the information now at hand there is little support for a concept 
of specialization of races of E. graminis to any given grass genus. In only 
a few cases was this noted, as follows : culture 20 from Poa palustris, pre- 
viously reported (2), and culture 19 from Koeleria cristata. On the evi- 
dence of infection of species outside the source genus, obtained from the 
other cultures, it appears that even with cultures 19 and 20 other genera 
might have been infected if more collections and species had been tested. 

Instead of narrow host specialization with restriction of infection of any 
mildew race to species of one genus as was believed and taught for over 40 
years, since specialized varieties were distinguished by Marehal (5) in 1902, 
the situation regarding specialization of pathogenicity in Erysiphe graminis 
is quite the contrary for the most part. It has been demonstrated previ- 
ously (1, 2) and in the present paper, that the majority of the races of 
E. graminis studied by the writer will infect species of two or more genera. 
With some cultures the host range is extensive, including many species and 
several genera. 

Certain grasses are susceptible to several very different mildew races. 
The .overlapping host ranges of different mildew races is such that powdery 
mildew occurring on some grass species might be any one race or a mixture 
of several mildew races The pathogenicity of mildew races occurring on 
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grasses in the tribe Hordeae has been previously described (1). In that 
study mildew cultures that infected barley were isolated from Agropyron 
repens and Elymus dahimcus. Another mildew culture that infected wheat 
was isolated from E. dahiiricus. A mildew culture that infected barley 
and a few wild grasses and an Agropyron mildew that infected many wild 
grasses but not rye, wheat, or barley were found together as a mixture on 
A. repens. Another mixture on E. dahuricus contained a race that infected 
wheat and several wild grasses and a race that infected wild grasses, prin- 
cipally species of Agropyron axid Elymus ^ but not w’heat, barley, or rye. 
With this information we are better able to understand the origin of mildew 
outbreaks, particularly with reference to the sources of inoculum. Wild 
grasses can harbor wheat and barley mildews and supply the inoculum for 
infection of these cereals. Likewise mildew-infected wheat and barley com- 
panion crops with grasses, or fields of these cereals near grass stands, can 
be the sources of infection of grasses, especially of Agropyron Biid 

Elymus. A probable illustration of the latter was observed by the writer 
during the early summer of 1940 in the Soil Conservation Service nurseries 
at Pullman, Washington. A heavily mildew-infected cover crop of wheat 
was adjacent to a grass observational row nursery containing many collec- 
tions of ot Agropyron with very little infection. After about one 

week of wet weather a heavy outbreak of powdery mildew developed on 
many of the Agropyron species. The rapidity of the outbreak suggested a 
source of abundant inoculum, and the slight amount of infection already on 
the Agropyron species appeared to be an inadequate source. Circumstances 
pointed to mildew inoculum from the adjacent wheat cover crop. 

Likewise, with acctimulating information about the pathogenicity of 
other races of Erysiphe graminis, it will be easier to understand certain 
phases in the etiology of the disease on other grasses. A mildew outbreak 
occurred in western Oregon during 1941 on Chewings fescue, Festuca ruhra 
var. commutata. Although a culture was not studied, there are certain 
facts that suggest mildew on Poa pratensk as a source of the outbreak. Mil- 
dew on P. pratensis is very common in the Pacific Northwest. One accession 
of Chewings fescue studied by the writer was very susceptible to mildew 
from Poa praiensis (2) , but was resistant to mildew from Fesiuca idahoensis. 

Another example was an outbreak of milde'w on Pkalaris arundinacea 
near the college golf course at Pullman, 'Washington, reported to the writer 
by Dr. George W. Fischer. P. arundinacea is seldom reported infected by 
mildew. When informed that the writer had produced infection on P. 
arundinacea with mildew from Poa praiensis^ Dr. Fischer replied that this 
could very possibly have been the source of the outbreak, since P. pratensis 
was the only other grass infected with mildew within a considerable distance 
of the area. 

Although the relationships in these examples are based largely on field 
observations, they are supported by experimental evidence. The writer 
believes that these examples offer plausible explanations of mildew outbreaks 
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on certain grasses, and with the accumulating information about the host 
ranges of additional mildew races, such reasoning should aid in understand- 
ing certain phases in the epiphytology of the disease. 

While nothing conclusive has been reported concerning the sexual nature 
m Erysiphe grammis and although hybridization between races is a theo- 
retical suggestion, the fact that so much variation is found in this species 
is ample evidence of the genetic segregations which have already taken place. 
There are opportunities for hybridization between widely different races, 
since certain grass species are susceptible to a number of races. In a study 
of the mildew races attacking grasses in the tribe Hordeae (1) it was demon- 
strated that mildews which infect barley, wheat, Agropyron^ and Elymtis 
can all occur together on the same grass, especially on certain species of 
Agropyron and Elymus. The situation with other mildew races is compa- 
rable. For example, Festuca octofiora is susceptible to mildew races from 
Agrostis, Dactylis, Festuca^ and Poa and to a lesser extent also to races from 
Polypogon and Bromiis. Koeleria cristata is susceptible to mildew races 
from Poa, Koeleria^ Polypogon, and to a lesser extent also from Agrostis. 
Many other examples could be given in which grasses are susceptible to two 
or more mildew races. All of these grasses are potential sites for hybridiza- 
tion between races that may be widely different pathogenically. Consider- 
ing these possibilities it is not surprising to find great variation for patho- 
genicity among races in Erysiphe graminis. 

Kesults on specalization suggest that there have been genetic segrega- 
tions in Frysip/ie graminis that have established themselves on certain grass 
species. In studies of pathogenic specialization probably only a few of 
these segregates have been studied. That some appear to be narrowly spe- 
cialized and others less so is important, but viewing E, graminis as a broad 
species comprising many genetic combinations and constantly producing 
new segregates, we may anticipate descriptions of additional new races that 
cannot be readily classified on the basis of a varietal system of classification. 

SUMMARY 

Selected groups of 360 accessions of 123 species and 8 varieties of grasses 
in 28 genera were inoculated with 8 cultures of Erysiphe graminis from 
grasses outside the tribe Hordeae as follows : 2 cultures from Avena and one 
-culture each from ligrostis, Bromus, Baciylis, Fesiuca, Koeleria, and Poly- 
pogon. 

Seven of the cultures infected grass species outside the genus from which 
they were collected. Powdery mildew from Koeleria cristata infected only 
this species. 

Two cultures from Avena sativa were different pathogenically, and 
pathogenic specialization is therefore demonstrated in Erysiphe graminis 
from Avena. No variety of A. sativa was resistant in the present study. 

Many grass species are susceptible to two or more widely different mil- 
dew races and thus perhaps may present the opportunity for hybridization 
between races. 
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Certain races may perhaps bear varietal names to advantage if they 
continue to have distinctly narrow specialization. Several mildew cultures 
have wide host ranges, and a varietal designation for such races appears 
to be impracticable. 

Variation in mildew reaction between collections of most grass species 
and between individual plants in many collections affords ample oppor- 
tunity to select for mildew resistance. 

Erysiphe gramink occurring on a given grass species can no longer be 
automatically assumed to be a specialized variety restricted in infection to 
species of the source genus. On the contrary, inoculation results demon- 
strate that it may be any one of a number of mildew races or a mixture of 
races. 

The evidence of a general lack of specialization of mildew races to any 
given genus permits recognition of the possibilities of hybridization between 
races, the possible sources of inoculum in the initiation of mildew infections, 
and explanations of certain phases of the etiology and of the epiphytology 
of the disease. 

Kentucky Agricultural Exeriment Station, 

Lexington, Kentucky. 
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THE SEASONAL DEVELOPMENT AND THE DEFOLIATING 
EFFECT OF CRONAETIUM RIBICOLA ON NATURALLY 
INFECTED RIBBS ROBZLI AND R. NBVADBNSE 

James W. Kimmeyi^s 
(Accepted for publication December 28, 1944) 

INTRODUCTION 

Bibes foezli and B. nevadense are the two principal ribes species asso- 
ciated with sugar pine in the California sugar pine region. Since this region 
differs not only in host species but also in weather characteristics from other 
parts of North America where experience with white pine blister rust has 
been gained, the development of the rust on these host plants and their 
responses in the existing environment are of particular interest and concern 
in the rust control problem here. 

The relative susceptibility of these two species was studied earlier on 
bushes transplanted into British Columbia (6) . BUes nevadense was rather 
susceptible in comparison with other western ribes species (4) and produced 
many telia, while B. roedi w^as extremely susceptible but shed its infected 
leaves early. Therefore, it produced few telia. With the appearance of 
rust in California, it was possible in 1938, 1941, and 1943 near Montgomery 
Creek and Hatchet Creek to observe the development of the rust on these 
species in their native hab^itat, and to correlate this with the danger to neigh- 
boring sugar pines. Some critical details are herein reported. 

METHODS AND BASES 

Representative infected plants of Bibes roezli and B. nevadense^ varying 
in degree of initial infection, and growing under varying site moisture 
conditions and exposure to direct sunlight, were selected for observation. 
On extremely large plants detailed data were taken only on one or two 
large representative branches rather than on the entire plants. 

Detailed data on host and rust development and reaction were taken 
separately for each plant or each branch selected. Biweekly examinations 
were made from July, when nearly all leaves were formed and the rust was 
becoming well established, to late October, when nearly all leaves had 
dropped. 

In 1938 a total of 100 plants of Bibes roezli and 8 of B. nevadense 
scattered over both Montgomery Creek and Hatchet Creek drainages were 

1 Associate Pathologist, Division of Porest Pathology, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Eeseareh Administration, tJ. 8. Depart- 
ment of Agriculture* 

2 The writer wishes to express appreciation to Dr. George A. Zentmyer, Jr., formerly 
Assistant Pathologist, Oivilian Conservation Corps, Division of Forest Pathology, for the 
1938 field observations; to Dr. Marion 8. Cave, formerly Assistant Pathologist, Division 
of Forest Pathology, for the colorimetric determinations in 1941 and 1943 and the micro- 
scopic counts of telia; and to Dr. J. L* Mielke, Pathologist, Division of Forest Pathology, 
for assistance in the field work in 1941. 
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observed. Tbe ribes that became infected with Cronartium rihicola that 
spring were infected by aeeiospores blown from distant northern pine 
infections. During the year aeeiospores of the pinyon rust, Cronartium 
occidentaUj apparently were blown into this locality from the south. Only 
43 of the 100 selected plants of B, roezli were infected with C. rihicola, as 
determined by diiferential staining of telial columns (1, 2), the most satis- 
factory method known for diiferentiating between the two rusts on ribes. 
By 1941 and in 1943 there were aeciospore-producing sugar pine infections 
on the study areas. In 1941 rust samples from each of the 65 plants of 
B, roezli and 10 of B. nevadense selected on the Montgomery Creek area 
were tested microchemically and determined as C. rihicola. The 62 plants 
of B. roezli and the 18 of B. neuadense selected in 1943 on the Hatchet Creek 
area were scattered about two infected sugar pines bearing abundant aeeial 
cankers, so it was not considered necessary to test rust samples from each 
plant. All samples tested from 20 plants were C. rihicola. No G. occi- 
was found in these localities in 1941 or 1943. 

The amount of live-stem (living branchwood) expressed in linear feet is 
a measure commonly used by blister rust workers for ribes. The data herein 
are presented on this same unit basis. 

RESULTS 

The weather in 1943 was similar to that in 1938 and there was great 
similarity in the rust development on ribes and its effect on ribes defoliation 
in these two years. Because of the similarity, many of the data of 1938 are 
omitted in tables and figures. However, the general results and conclusions 
herein reported are based upon the observations in 1938 as well as those in 
1941 and 1943. 

Weather 

Spring weather favored infection of ribes from aeciospox’es in each of 
the three test years. This was not the case in some of the intervening years, 
particularly in 1942. Although the initial ribes infection in 1938 was not 
heavy, late spring rains favored intensification of the rust. There were no 
summer rains in 1938, and there was no rain from June 21 to October 11 
in 1943, but the summer of 1941 was abnormally cool with comparatively 
frequent rains (Table 1). 

TABLE l.—'The distr%b%Uio% of rainfall in Montgomery CreeTc and Hate’het Creels 
areas in California from July through Octoher in 1938, 1941, and 1943 


MontL Bates on wMch rainfall oeenrred 


1938 1941 1943 

July 15-16-17 

August 15-16-29-30 

September .................. 27-28 1-2-12-18-19 

October 1-15-16-23- 10-12-19-20- 11-17-18-19-20- 

28-29-30 26-27-28 21-22-23-24 
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Bibes Defoliation 

The very wet May of 1941 provided good conditions for initial ribes 
infection from pineSj and the abnormally frequent summer rains intensified 
the rust infection on the ribes leaves. On Biies roezli thQ intensity of the 
rust inf ection caused considerable premature leaf-fall. This early dropping 
of leaves and the abundance of moisture stimulated the formation of new 
leaves throughout the season on this species. The average extent of new leaf 
formation and the average leaf-fall for infected and uninfected leaves of 
this species throughout the 1941 season are in table 2. The plants have 
been divided into light forms: the open-form plants are those that received 
very little or no shade; the part-shade-form plants received shade and 
direct sunlight in about equal proportions; and the shade-form plants 
received little or no direct sunlight. The open-form plants bore the most 
leaves per hundred feet of live stem and the shade-form plants the least. 
The fewer leaves on the part-shade and shade-form plants were largely 
compensated for by their larger size, making leaf area per hundred feet of 
live stem nearly equal on all forms. Premature leaf-fall was greatest on the 
open-form plants and least on the shade-form plants. Precocious leaf-fall 
induced by the rust infection is generally more severe on gooseberries than 
on currants (5, p. 42). On Bites nevadense premature leaf-fall was not 
great and the formation of new leaves during the summer was negligible 
(Table 2). Open-form plants of B. nevadense were practially nonexistent 
on the study areas, because cattle readily browse on this smooth-stemmed 
species wherever the plants are not protected or screened by other vegeta- 
tion. Observations on the open-form plants of this species have not been 
included. 

Table 3 shows the average leaf-fall in 1943 when there were no summer 
rains. The last spring rain, on June 21, caused the only pronounced wave 
of rust intensification on Bites roezlL Rust development is considerably 
slower on B, nevadense than on B, roezli and by June 21 the uredia on 
B. nevadense w^ere not developed sufficiently to cause heavy intensification 
of the infection. The part-shade and shade-form plants of B. roezli did not 
produce the amount of intensifleation from the June 21 rain that the open- 
foi‘m plants did (Table 3). This was due to the fact that the development 
of the uredia on these shaded plants was not so advanced as that on the 
open-form plants by June 21. Table 3 also shows how this heavier intensi- 
fication of the rust on the open-form plants caused much greater premature 
leaf -fall than occurred on the shaded plants. The premature leaf-fall of 
B. roezli, in general, was not so great in 1943 as in 1941 because there 
were no summer rains to intensify the infection. How^'ever, the lack of 
summer rains probably hastened the normal dropping of uninfected leaves, 
and on most plants the infected leaves were shed before the uninfected 
leaves. When soil moisture for individual plants is considered, the number 
of new leaves formed on B. roezli during the summer of 1943 fairly well 
depicts the severity of the premature kaf-fall. The formation of the new 
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leaves on B. nevadense in 1943 was largely stimulated by the premature 
leaf-fall caused by insects and anthracnose rather than by blister rust 
infection. 


TABLE 2. — Average progressive leaf-fall per hundred feet of live stem for hoth 
infected and uninfected leaves for each light form of Bihes roezli and M, nevadense at 
the Montgomery Creelc Area in 1941 



Number of leaves per 100 
feet of live stem 

Number of infected leaves per 100 
feet of live stem 

Species, 
light form, 
and date 
observed 

Total 

dropped 

Formed 
since previ- 
ous exam. 

Total 

attached 

Total 

dropped 

Remaining 
from previ- 
ous exam. 

Infected 
since previ- 
ous exam. 

Total 

attached 

Bihes roesli 








Open July 26-29 

352 


2687 

201 



1246 

Aug. 12-14 

1583 

113 

1570 

1352 

365 

1030 

1125 

Aug. 25-27 

2280 

63 

918 

2040 

450 

233 

658 

Sept. 9-10 

2754 

61 

505 

2462 

237 

99 

334 

Sept. 23-24 

3013 

14 

258 

2656 

139 

21 

160 

Oct. 7-8 

3196 

9 

84 

2786 

30 

9 

39 

Oct. 23 

3243 

5 

42 

2814 

10 

0 

10 

Part July 26-29 

243 


2303 

176 



1223 

shade Aug. 12-14 

948 

48 

1646 

869 

603 

745 

1275 

Aug. 25-27 

1677 

20 

937 

1563 

653 

116 

697 

Sept. 9-10 

2072 

23 

566 

1931 

330 

49 

378 

Sept. 23-24 

2283 

16 

370 

2097 

212 

18 

230 

Oet. 7-8 

2541 

1 

113 

2279 

51 

10 

58 

Oct. 23 

2636 

0 

18 

2334 

4 

1 

4 

Shade July 26-29 

217 


2018 

150 



974 

Aug. 12-14 

805 

48 

1479 

735 

416 

762 

1151 

Aug. 25-27 

1301 

29 

1004 

1231 

649 

75 

724 

Sept. 9-10 

1616 

28 

717 

1535 

420 

67 

488 

Sept. 23-24 

1842 

10 

502 

1731 

291 

20 

312 

Oct. 7-8 

2127 

1 

218 

1965 

84 

51 

129 

Oet. 23 

2300 

0 

45 

2078 

16 

0 

16 

B>. nevadense 








Part July 26-29 

16 


1704 

5 



378 

shade Aug. 12-14 

147 

0 

1573 ' 

63 

320 

1070 

1390 

Aug. 25-27 

329 

0 

1390 

245 

1208 

114 

1323 

Sept. 9-10 

640 

0 

1079 

556 

1012 

5 

1017 

Sept. 23-24 

871 

0 

848 

787 

786 

30 

815 

Oct. 7-8 

1325 

0 

394 

1241 

362 

15 

377 

Oct. 23 

1689 

2 

32 

1602 

16 

0 

16 

Shade July 26-29 

51 


1979 

2 



846 

Aug. 12-14 

141 

0 

1889 

84 

764 

306 

1071 

Aug. 25-27 

243 

1 

1788 

186 

968 

163 

1131 

Sept. 9-10 

436 

0 

1595 

379 

938 

99 

1037 

Sept. 23-24 

882 

0 

1150 

825 

591 

183 

775 

Oet. 7-8 

1428 

0 

603 

1273 

328 

56 

383 

Oct. 23 

1919 

0 

112 

1593 

63 

0 

63 


The first frosts in the autnmn appeared to affect the fall of infected leaves 
of Bihes roezU moxe thsLU nninfected leaves. Later frosts were so severe 
that both uninfected and infected leaves dropped. There appeared to be 
little difference in effect of frost npon the leaf shedding of B. nevadense 
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whether infected or not. Light early frosts caused the dropping of few 
leaves of this species and later heavy frosts caused many leaves to fall. 

TABLE 3. — Average progressive leaf-fall per hundred feet of live stem for doth 
infected and uninfected leaves for each light form of Mibes roezli and JS. nevadense at 
the Eatchet Creeh Area in 19dS 


Number of leaves per 100 Number of infected leaves per 100 
feet of live stem feet of live stem 


Species, 


light form, 
and date 
observed 

Total 

dropped 

Formed 
since previ- 
ous exam. 

Total 

attached 

Total 

dropped 

Remaining 
from previ- 
ous exam. 

Infected 
since previ- 
ous exam. 

Total 

attached 

Mhes roezli 








Open July 16-19 

10 


3395 

10 



2130 

July 28-31 

617 

28 

2785 

614 

1506 

280 

1787 

Aug. 13-16 

1724 

12 

1690 

1705 

696 

541 

1236 

Aug. 27-28 

2273 

11 

1141 

2254 

679 

113 

792 

Sept. 10-11 

2819 

23 

618 

2750 

296 

0 

296 

Sept. 24-25 

3019 

13 

431 

2907 

139 

0 

139 

Oct. 9 

3109 

11 

352 

2973 

73 

0 

73 

Oct. 24 

3252 

2 

210 

3016 

30 

0 

30 

Part July 16-19 

47 


2859 

47 



1340 

shade July 28-30 

371 

11 

2545 

371 

1016 

95 

1111 

Aug. 13-16 

820 

5 

2102 

718 

765 

208 

973 

Aug. 27-28 

1258 

2 

1666 

1117 

575 

45 

620 

Sept. 10-11 

1636 

0 

1288 

1422 

315 

0 

315 

Sept. 24-25 

2042 

1 

883 

1564 

173 

0 

173 

Oct. 9 

2353 

0 

572 

1654 

83 

0 

83 

Oct. 24 

2775 

0 

150 

1728 

9 

0 

9 

Shade July 17-19 

32 


2445 

30 



635 

July 29-31 

74 

22 

2425 

72 

592 

16 

608 

Aug. 13-16 

218 

10 

2291 

204 

476 

300 

776 

Aug. 27-28 

404 

1 

2106 

390 

591 

21 

612 

Sept. 10-11 

773 

1 

1737 

731 

271 

0 

271 

Sept. 24-25 

1265 

1 

1261 

878 

126 

0 

126 

Oct. 9 

1662 

1 

866 

963 

40 

0 

40 

Oct. 24 

2217 

0 

311 

991 

12 

0 

12 

5. nevadense 








Part July 16-19 

2 


1495 

1 



358 

shade July 28-31 

145 

8 

1361 

97 

262 

59 

321 

Aug. 13-16 

248 

1 

1261 

152 

266 

89 

355 

Aug. 27-28 

378 

1 

1138 

186 

323 

38 

361 

Sept. 10-11 

473 

2 

1045 

234 

313 

0 

313 

Sept. 24-25, 

629 

2 

892 

294 

253 

0 

253 

Oet. 9 

804 

0 

717 

352 

196 

0 

196 

Oct. 24 

1089 

0 

432 

427 

121 

0 

121 

Shade July 16-19 

2 


1149 

2 



340 

July 29-31 

43 

5 

1113 

10 

332 

4 

336 

Aug. 13-16 

48 

2 

1110 

15 

331 

71 

402 

Aug. 27-28 

66 

0 

1091 

33 

383 

8 

392 

Sept. 10-11 

94 

0 

1064 

61 

364 

0 

364 

Sept. 24-25 

217 

0 

942 

160 

265 

0 

265 

Oet. 9 

397 

0 

762 

259 

166 

0 

166 

Oet. 24 

509 

0 

649 

294 

131 

0 

131 


Beside frosts, severity of infection, and degree of exposure of the plants 
to direct sunlight, two otlier factors influenced premature leaf -fall of infected 
Bibes roezU. One of these was the soil moisture of the site. The more moist 
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the site the more retentive were the infected leaves when the severity of infec- 
tion was the same. However, on wet sites the infection usually was more 
severe, because the leaves were more succulent and therefore more sus- 
ceptible to attack by the rust, and dews that promoted rust intensification 
often occurred on such sites. Another influential factor, aside from site 
conditions, was the character of the leaves. Young, thrifty leaves on current 
season/s growth were much more retentive than older leaves, or leaves on 
wood of previous growth. The last leaves to drop from a plant were always 
from branch growth of the current season. The infected leaves of E. roedi 
that were the last to drop in the autumn were the tip leaves on current 
growth of shade-form plants growing on moist sites. 

Bust Development • 

Although the initial infection on ribes in 1938 was somewhat lighter than 
in 1941 and 1943, because of the greater distance from the aecial source, 
there were several well-distributed rains in June, 1938, that caused con- 
siderable intensification of the rust. By July and August the amount of 
rust was about equal to the amount present at this same time in 1943. In 
1941, however, rains permitting uredial intensification were not only abun- 
dant during the spring months but also continued to occur frequently 
throughout the summer. However, the greater premature leaf-fall of Biles 
roezli in 1941, caused by the heavier rust infection, prevented the rust on that 
species from building up to a much greater amount than in 1938 and 1943. 
The premature leaf -fall on B. nevadense in 1941 was less excessive, and the 
rust on that species built up much more than in the other two years. Figure 

I shows the amount of rust, per foot of live stem, present on the ribes plants 
throughout the 1941 season. Figure 2 shows the development of rust in 
1943. These figures also show the amount of infected leaf surface bearing 
telia, the portion of the telia that was viable, and the time that weather 
probably favorable for pine infection occurred. A considerable number of 
telia germinated, as a result of the summer rains in 1941, before the leaves 
were dropped, whereas in the absence of summer rains in 1943 telia usually 
remained viable until the infected leaves were dropped. Although most 
telia on leaves of B. nevadense remained viable until rain occurred, some 
died before; the telia that did not remain viable until the rain of October 

II in 1943 had not germinated but had died, usually as a result of the death 
of large infected portions of the leaf. Although infected leaf portions 
died before and after uredia were developed on both ribes species, infected 
leaf portions bearing telia on B. roezli never died heiote the leaves were 
dropped. On some plants of both species practically all infected leaf tissue 
died before producing telia. Very short, dark, abortive columns of telia, 
with little or no evidence of viability, were found in 1938 on the small, thick, 
coarse leaves of a few open-form plants of E. roezli growing on dry sites. 
Such abortive telial columns were rarely seen in 1941 and 1943. The per- 
centage of the infected leaf surface that produced telia was higher in E. 
roezli than in B. nevadense and would have been higher still had consider- 
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able iiredial infection not been lost by premature leaf-fall. In addition to 
producing a Mgber percentage of telia, the infected leaves of E, roezli had 
nearly twice the number of telial columns per unit of telial-bearing leaf 
area that the infected leaves of E. nevadense had. Telial counts, through 



Fig. 2. Average blister rust development on plants of the various liglit forms of 
jRihes roezli SLnd nevadense at tbe Hatchet Creek Area in 1943. (All telia were viable 
in many cases, as indicated by the complete overlapping of the dot and dash lines.) 

a microscope, made on 36 typical specimens for each species, showed that 
an average square inch of telia-bearing leaf surface of E. nevadense con- 
tained approximately 4,600 telial columns, while that of E. roezli contained 
8,700 telial columns. 
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General observations on other naturally infected Riies roezli and B. 
nevadense over a number of years and at various localities and data and 
observations on plants used in other blister rust studies, under controlled 
infection conditions, have been in accord with the findings herein reported. 
There is a great variation in susceptibility between plants of B. roed% 
greater variation than for any other ribes species tested in the West. Many 
plants were not infected while adjoining plants were severely infected. 
Some plants exposed to an abundance of aeciospores or urediospores under 
eontrolled infection conditions have never become infected in any visible 
degree, whereas other plants have become severely infected under less favor- 
able conditions. There is an indication, from the various tests made, that 
in the northern range of B. foezli a greater percentage of plants have this 
high resistance to infection than in its southern range. 

DISCUSSION 

For ribes to cause pine infection it is necessary that they have viable 
telia at the time of a favorable moisture period of sufficient duration to 
bring about germination of teliospores, the development of the promyeelia, 
the formation and dispersal of the sporidia, the gexunination of the latter, 
and the penetration of the germ-tubes into the needles of the host. The 
time required for these processes varies with the air temperature and the 
age of the teliospores at the time of the favorable moisture period. At 
favorable temperatures 24 to 36 hours are required for appreciable pine 
infection, during which high humidities must prevail in order to maintain 
the necessary free moisture (5, p. 33). In most parts of the sugar pine 
region this would occur only during rainfall, but in small localized areas, 
following a short but heavy rain, free moisture msiy be retained sufficiently 
long on ribes plants and pine foliage that are well shaded by a high canopy 
and further sheltered from wind and sun by dense surrounding brush and 
other vegetation. Such areas are on sheltered north slopes or on wet sites 
where a heavy night dew often follows a heavy rain. Pine probably will 
not become infected at temperatures below 32° F., and below 50° F. a pro- 
gressively longer time is required (3). For this reason periods of snowfall 
usually are not favorable for pine infection, and late autumn rains often 
occur when the air temperature is so low that the period required for pine 
infection is much greater. * 

Moisture for less than 24 hours often induces germination of teliospores 
without the subsequent infection of pines. Short rains usually intensify 
the rust on the ribes plants, through germination of urediospores on the 
leaves, and incite the development of new telia. 

Both Bihes roesli and B. nevadense had sufficient viable telia to serve as a 
source for considerable pine infection at the time of favorable rains in 1938 
and 1941 ; however, in 1943 the light shower on October 11 may have induced 
germination of some of the few remaining teliospores on B. roedi, without 
subsequent pine infection, before the favorable rains starting on October 
17. Even if this earlier rain did not dissipate teliospores, a smaller amount 
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of viable telia remained on leaves of B, roezli on October 17 than occurred on 
this species at the time of favorable rains in 1938 and 1941. Telia remain- 
ing on B. nevadense on October 17, however, were still sufficient for consid- 
erable pine infection even if partly dissipated by the October 11 rain. 
Observations in the three years indicate that when there are no summer rains 
to maintain a supply of uredia it is possible that little or no pine infection 
will occur if the first autumn rain dissipates the telia, but does not provide 
ample time for subsequent pine infection. With relatively frequent sum- 
mer rains, however, it is probable that sufficient uredia will be present to 
cause intensification of the rust, with the subsequent production of new telia 
on the ribes, so that there will still remain a chance for pine infection at the 
time of later rains. If the first rain occurs after mid-October it appears 
likely that only plants of E. nevadense and the shade form of E. ro'ezli 'w^ 
have enough leaves to provide the requisite inoculum. The success or failure 
of the rust to infect pines during any year will depend largely on whether 
or not a rain of sufficient duration occurs before ribes defoliation, whether 
the defoliation be caused by heavy rust infection, drought and hot weather, 
or heavy frosts. Under infection and weather conditions similar to those 
on the study areas in any of the three test years E. roezli will bear adequate 
inoculum for pine infection at any time from late- July to late-September, 
and with the shade-form plants growing on moist sites this period may be 
extended to mid-October. Under similar conditions E. nevadense may pro- 
vide inoculum for pine infection from early- August to late-October. 

It appears then, from all observations, that with heavy rust infection, 
either from abundant aecial sources, or as a result of weather conditions 
favorable for rust intensification, per foot of live-stem, Bihes nevadense will 
be the more important host of the two ribes species concerned. Even with 
less severe infection E. nevadense be of more consequence when the 
autumn rains are late. Per foot of live-stem, E. roezli will be of greater 
importance only under conditions of less severe infection when summer or 
early autumn rains occur and are of sufficient duration for pine infection. 
Blister rust control workers have found that on the average approximately 
2,900 feet of E. roezli live-stem and 420 feet of E. nevadense live-stem occur 
per acre within the California sugar pine region before eradication. There- 
fore on average unworked areas it is most probable that the larger popula- 
tion of E. roezli plants, and this species Vgreater production of telial columns 
per unit of leaf surface bearing telia, will make it the more dangerous one, 
unless the first rain suitable for pine infection occurs after mid-October. 

summary 

As an aid to planning control of white pine blister rust in the California 
sugar pine region, observations were made on the development and de- 
foliating effect of this disease on naturally infected plants of Bihes roezli and 
B. nevadense in Weir native habitat in the northern Sierra Nevada in 1938, 
1941, and 1943. 

Infected plants varying in degree of initial infection and growing on 
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different sites were examined biweekly and detailed data were taken on host 
and rust deyelopment and reaction from July to October, inclusive, eacb 
year. 

In general, the susceptibility of the two ribes species to infection by the 
rust and the telium-prodiicing capacity of B. nevadense were the same as 
reported from earlier studies in British Columbia and the Pacific North- 
w^est; but B. roezli produced considerably more telia, because fewer in- 
fected leaves were dropped before telia were developed. Although B, roezli 
remained the more susceptible of the two species and its infected leaf area 
produced a higher percentage of telium-bearing surface and nearly twice the 
amount of teliai columns per unit of telium-bearing surface, the premature 
dropping of its infected leaves still prevented it from being as dangerous a 
pine-infecting species as B, nevadense per unit of population. In unworked 
areas of the California sugar pine region B. roezli is the more potentially 
dangerous species because its greater population more than counterbalances 
its limited capacity to retain telium-bearing leaves. 

Severity of infection, site conditions, character of infected leaves, and 
occurrence of autumnal frosts appeared to be the more significant factors 
influencing premature fall of infected leaves of Bibes roezli. Only severe 
infection and heavy autumnal frosts caused appreciable premature fall of 
infected leaves of B. nevadense. 

Infected plants of Bibes roezli growing under shade and producing 
abundant new woody growth, especially plants on moist sites, are potentially 
the most dangerous of this species with respect to spread of blister rust. 
The tip leaves of the current season’s growth on such plants were the last 
to drop in the autumn, and consequently urediospores and viable telia 
remained latest on this type of leaf . 

Many infected leaves of Bibes nevadense were present on the plants at 
the time of the first favorable autumnal rains. 

The time of year that rain occurs in sufficient duration to provide for 
pine infection will determine the success or failure of the rust, from either 
ribes species, to infect pines in a given year. 

Division of Forest Pathology, 

United States Department OF Agriculture. 
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AEOIAL HOSTS OP PUCCINIA GRAMINIS IN CHINA 

It E E L I N O 1 

(Accepted for pubHeation January 10, 1^45) 

Tlie susceptibility and resistance of the Berberidaceae to Piiccinia 
graminis Pers. have been extensively studied in the Minnesota Agricultural 
Experiment Station in the United States. In the summarized account by 
Levine and Cotter,^ 28 species of Berheris indigenous to China were listed, 
among which 27 are susceptible and one apparently immune. In a more 
recent list of Stakman,® 8 additional Chinese species were included. In 
1905, BacdarinP on the basis of specimens collected from Shensi, China, 
considered Epimedium^ in addition to 2 species of Berheris^ as the host of 
P. grwmims. He apparently mistook the aecial stage of Puccinm epmiedU 
(Henn. et Shir.) Miyabe et Ito for P^ graminis. As China, especially in the 
Himalaya ranges, is known to be the native country of a large number of 
species of Berheris and Mahonia, the knowledge so far gathered regarding 
the alternate hosts of stem rust appears to be far from complete. Conse- 
(luently, many specimens representing about 50 species of Berheris and 15 of 
Mahonia have been examined for rust infection in the following herbaria of 
China: National Central University; University of Nanking; National 
Szechuan University; Institute of Agricultural Eesearch, National Tsing 
Hua University ; Biological Laboratory of the Science Society of China ; 
and Szechuan Provincial Agricultural Improvement Institute. Field obser- 
vations also have been made in the western part of Szechuan province. 

As a result of herbarium examination and field observations, 12 species 
of Berheris and 1 of Mahonia have been found harboring the aecial stage 
of Puccinia graminis (Table 1). Three of them, B. silm4aroucana Schn., 
B, virgetorum Schn., and ilf. fortunei (Lindl.) Fedde, are hitherto unre- 
corded as carriers and breeders of stem rust. It is even more interesting to 
note that B. gagnepainii Schn., P. julianae Schm,, and B, sargeniiana Schn. 
are classed in the list of Stakman as immune or highly resistant in the spring 
wheat region in the United States, but conspicuous infections have been 
noticed on the specimens in China. Another species, B, dielsiana Fedde, 
according to the results of artificial inoculations made by Levine and Cotter 
in Minnesota, is attacked only lightly by P. graminis secalis Erikss. et Henn. 
and not at all by P. graminis tritici Erikss. et Henn. This species, however, 
is the one most common in the mountain region (sungshan) of northern 

1 Phytopathology extends the courtesy of its journal pages to scientists in other coun- 
tries who are persevering in research under difficult wartime conditions and arc temporarily 
deprived of the opportunity for membership in the American Phytopathological Society. 

2 Levine, M. N., and E. U. Cotter* Susceptibility and resistance of Berheris and 
related genera to Puccinia graminis. IT. 8. Dept. Agr. Tech. Bull. 300. 1932. 

^ Lehmann, E., H. Kummer, and H. Dannenmann. Der Schwarzrost. 584 pp. J. P. 
Lehmanns Verlag, Miinchen/Berlin. 1937. 

^Baccarini, P. Funghi dello Schensi septentrionale raccolti dal Padre Giuseppe 
Giraldi. App. al. Nuovo Giorn. Bot. Ital. 22 (nuova serie) : 689-698. 1905. 
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TABLE hosts of Puceinia graminis in China based upon field and herba- 

rium observations 

« . Localities where rusted Known distribution 

bpeeies specimens were collected in China 


Berberis acuminata Er. 
B. amurensis Kiipr. 

B* dielsiana Eedde 
B. gagnepainii Schn. 

B. henrgana Selin. 

B. juUanae Selin, 

B. levis Er. 


B* pruinosa Er. 

B, sargentiana Schn. 

B. silva-taroucana Schn. 

B. virgetorum Schn, 

B, wilsonae Hemsl. 

Mahonia fortunei (Lindl.) 
Eedde 


Kunming, Yunnan 
Wulingshan, Hopei 

Sunghsien, Honan 
Mt, Omei, Szechuan 
Ohengkow, Szechuan 

Wantsaoshan, Hupeh 
Mt. Omei, Panlanshan, 
and Kwanhsien, 
Szechuan 

Chengkiang, Tungchwan, 
and Siianwei, Yunnan 
Suon Nai Ook, Hupeh 
Mt. Omei, Szechuan 
Ruling, Kiangsi 
Lifan, Szechuan 

Mt. Omei, Szechuan 


West Szechuan, Yunnan 
Hopei, Shansi, Mongolia 
Manchuria 

Honan, Shensi, Szechuan 
West Szechuan, Sikang 
East Szechuan, west 
Hupeh, Anhwei 
Hupeh, Yunnan, Sliensi 
W est Szechuan, Y unnan, 
Sikang 

Yunnan 

West Hupeh 
West Szechuan, Sikang 
Kiangsi, Kwangtung 
West Szechuan, Sikang, 
Yunnan 

Szechuan, Sikang, Hupeh 


Honan province and is nsnally severely rusted by P. graminis. This prob- 
ably indicates that certain physiologic races are virulent and that those 
species which have been considered immune or resistant in America prob- 
ably could not be introduced and distributed there with entire safety. P. 
sargentiana, which has been recommended® as one of the most desirable for 



Eio. 1. Aeeial infection of Puceinia 

Sargent, C. S. (editor). Plantae WilBo: 
. Vol. 1. 1913. Vol. 3. 1917; 


graminis tritici on Berberis levis. 
danae. Publication of Arnold Arboretum 
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introduction as a garden plant to the United States because it was perfectly 
hardy in the Arnold Arboretum, probably should be regarded with caution. 

The Province of Szechuan is bounded by mountain ranges of moderate 
height (1,500 to 3,000 meters) mostly; but along the western and north- 
western edges some extremely high peaks and ranges, mostly unexplored 
and unsurveyed, appear to be from 5,000 to 7,000 meters high. In those 
western ranges, the richness of Berleris and Malionia is well known. E. H. 
Wilson alone collected 31 species and varieties of those two genera there.^ 
The hollow land in the center of the province has been named by geographers 
the Eed Basin of Szechuan, where wheat is generally harvested in May and 
stem rust ordinarily comes too late to cause substantial damage. In the 
mountain regions, however, heavy losses are frequent in both winter and 
spring wheats. 

West of Ewanhsien along the edge of Chengtu plain, in the mountains such 
as Chinchenshan and Panlanshan, Berlerk levis Fr. (= B. souUeana Schn.) 
is one of the most common shrubs. It has been recorded at higher altitudes, 
up to 2,300 meters, but commonly it is found below 1,000 meters, mostl}^ 
along creeks at the foot of the mountains. Early in April every year, the 
bright red infections ot Puccima graminis on the leaves (Fig. 1) are numer- 
ous and startling. The situation is equally as serious as, if not more so 
than, that of B. vulgaris L. in the north central United States. On Mount 
Omei, southwest of Chengtu plain, Makoma foriumi iB even more common 
than B. levis. Both species are usually severely infected by stem rust there. 
The M, fortunei appears to be restricted to the foot of the mountain, between 
500 to 800 meters, and extends to the plain. B. gagnepamiiy occurring froui 
1,500 meters to the summit of the mountain (3,100 meters), is less often 
rusted. Seven collections of the rust on B, levis and two collections on 
If. were incoulated to grain crops in 1940. The resulting good 

infection on wheat and barley but feeble infection on rye proved that all 
the collections belonged to P. pmmms tritici. As a matter of fact, wheat 
and barley are the only small grains in the Chengtu plain infected naturally 
by stem rust, while oats and rye, the latter grown in the far north of 
Szechuan province and observed in experimental plots only, have never 
been seen infected. It is even more unlikely that all the common wild 
grasses in the Chengtu plain, such as Paa, Agropyron, Agrostis, Sporoholus, 
AlopecuriiSf Ely muSy Slid BromuSy are also free from stem rust. 

Northwestward, in the mountain ranges of Szechuan, covering Lifan, 
Maohsien, and Wenchuan, Br. C, T. Wei observed in 1941 four species of 
Ber'heris common at levels around 2^000 meters, i.e., B, wilsonae HemsL, 
B, silva-taroucamf B, verruculosa HemsL et AYilson, and an undetermined 
species with round to broadly oval leaves. B, wilsonae has been seen very 
heavily rusted, P. silua-tarwcaw occasionally and lightly infected, while 
the other two species were free from rust 

In view of the common occurrence and the destructiveness of stem rust 
in many provinces in China, the role played by barberry deserves a thorough 
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and long study in order to solve the rust problem. Tlie present note, based 
on limited observations, aims only to stimulate further investigations. It 
is a pleasure to acknowledge my indebtedness to Dr. C. T. Wei, Dr. C. S. 
Wang, and Dr. T. P. Yu for their cooperation in furnishing information and 
specimens. 

University of Nanking, 

Chengtu, China. 



STUDIES IN THE PUSAEIUM DAMPING-OPP OP CONIPEES. L 
THE COMPAEATIVE YIEULBNCE OP CEETAIN PUSAEIA"' " 

H 0 W A R D T I N T 3 

(Accepted for publication January 15, 1945) 

INTRODUCTION 

In the many reports of the relationship between Pusaria and damping-off 
in conifers, either observed or determined by inoculation experiments, the 
repeated occurrence of certain species suspected of being causal agents has 
led to the general acceptance of the pathogenic nature of a few of these. 
According to a compilation by Wollenweber and Eeinking (32), of impor- 
tance in Europe are Fusarium oxysporum y. a'lifantiacum, synonymous with 
Fusoma parasiticum Tubeuf (4, 29, 30, 31) and Fusoma pini Hartig (2, 9, 
10) , F. oxysporum v. aurantmcum f. 1 {F, macroxysporum Lindfors) (16), 
F. lidhigemm v. Uasticola (F, hlasticola Eostrup) (24), F. culmorum, F, 
avenaceum {F, veuenorim) (6), F. somhucimmif F, scirpi v. acuminatum, 
F. fuligenosum and F. ecMnosporum (25), and F, grammearum {Giierella 
sauMnetii) (19) ; and in the United States primarily F. sporatricMoideSj F, 
arthrosporioides, F. samhucinum f. 6 {F. discolor sulpliureum SchL), and 
to a lesser extent F. culmorum, F. solani, F, ortkoceros, P. momliforme^ F. 
oxysporum, F. vasmfectum and F. graminearum (12, 13, 20, 21, 26) . These 
constitute only a small selection of the many species mentioned in the litera- 
ture, and there is need for further tests with some of them as well as with 
other Pusaria, in order to determine which species are really parasitic and 
how they compare with other damping-off fungi used as standards. The 
object of the present investigation has been to carry out such tests by vari- 
ous critically studied experimental methods. Inhere more than one host 
was inoculated, relative susceptibility to infection was tested. 

The effect upon the experimental design of limitations in time and space 
made it infeasible to consider damping-off* losses according to the classical 
symptomatic categories (12, 13, 28) : germination loss, normal or ordinary 
damping-off, root-rot or late damping-off, and top damping-off. Experi- 
ments were maintained long enough to test ability to induce normal damp- 
ing-off, but probably not long enough to test potentialities of the Pusaria 
as root-rotting organisms. Damping-off losses were in two classes: (I) 
emergence loss, the reduction in the number of seedlings appearing above 
the surface of the substrate as compared with the total number of viable 
seeds, the latter determined by the emergence in uninoculated controls This 

1 A portion of a dissei'tation presented to the faculty of tbe Graduate School of the 
University of Pennsylvania in partial fulfillment of the requirements for the degree of 
Doctor of Philosophy. 

2 The writer wishes to express appreciation to: Dr. H. H. York under whose direction 
the investigation was carried out; Dr. W. G. Hutchinson for criticism of the manuscript; 
Dr. P. V. Lufkin for assistance on statistical analysis; and Dr. G. D. Sherbakoff for 
identifications of some Pusaria used in the investigations, 

3 The greater part of this investigation was carried on during the tenure of a George 
Leib Harrison Fellowship at the University of Pennsylvania. 



TABLE 1 . — Identity and sources of fungi tested for ahUity to catise damping-off of coniferous seedlings 
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class tims included the decay of seed as well as the early rotting of radicles. 
(II) Pos^emergenee damping-off, the reduction of the total number of 
emerged seedlings through normal damping-off, top damping-off and root 
rot, all eases of infection being tabulated only if fatal before the termination 
of the experiment. The two categories could then be summarized in a sur- 
vival count, based upon the number of seed planted, which, when contrasted 
with an uninoculated control, would provide a measure of the whole effect 
of the damping-off organism for the duration of the experiment. 

MATERIALS AND METHODS 

Isolations were made by dipping infected portions of diseased plants in 
four per cent formalin for two minutes and then placing them without rins- 
ing upon two per cent agar without nutrients. A modification of this 
method was used with the fungi which were secured under conditions of 
pure saprophytism or whose origins were not known. Surface sterilized seeds 
of Pinus resmosa Ait. were sown on agar cultures of such fungi and then 
isolations were made from seedlings which damped-off after germination. 
With this method each fungus invariably produced a certain amount of 
injury, as demonstrated either by the decay of radicles or normal damping- 
off. Passing fungi of unknown pathogenicity through a potential host per- 
mitted the selection of more virulent strains, which could then be compared 
with other fungi isolated from authentic cases of the disease. 

Monosporous transfers were made with a micromanipulator. Every 
monosporous culture coming from diseased seedlings, either directly by iso- 
lation or indirectly from passage through a host, is called a line throughout 
this paper. Stock cultures were maintained on potato-dextrose agar (Difco, 
pH 5.6) in cold storage at 8"^ to 10° C. or at room temperature from 18° to 
25° C. A list of the names and sources of the fungi tested is given in table 1. 

The selection of hosts for pathogenieity tests was based upon a com- 
pilation of susceptible conifers listed by Hartley (12). The list was re- 
stricted to abietinean conifers owing to their economic significance in refor- 
estation and to the frequency of reports of disease among them. All seeds 
were kept in dry, unsealed containers in a cold-storage room at 8° to 10° C. 
A list of the species in the various inoculation tests is given in table 2. 

Inoculations were made in liquid, quartz-sand, and autoclaved-soil cul- 
tures. All seeds, before planting, were surface-sterilized by immersion for 
8 minutes in an aqueous solution of 0.1 per cent bichloride of mercury, fol- 
lowed by at least 5 rinses in sterilized distilled water. 

Inoculum was prepared by growing the fungus on a substrate of 25 cc. 
of polished rice grains in 35 cc. of distilled water autoclaved for 20 minutes 
at 15 pounds^ steam pressure. This sterile rice-mush was thoroughly per- 
meated by the average Fusarmm in 3 weeks at 28° C. Unless otherwise 
indicated, the inoculum was added to the substrate upon which the hosts 
were to be grown, at the approximate rate of one cubic centimeter per 5 
s(iuare inches of surface. After the inoculum was mixed with the upper 
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incii of substrate, this entire layer was removed, tliorouglily mixed in a 
mortar and replaced upon the surface of the pot or flat. This provided for 
uniform distribution of the inoculum in the upper inch of substrate, as well 
as for uniformity of age and quantity of inoculum of the different fungi. 
In the case of the liquid cultures, however, it was necessary only to add 
to the substrate a single hyphae-permeated rice grain of inoculum. 

For those experiments in which liquid or quartz-sand media were used, 
a nutrient solution was selected which would be stable under emendation 
for pH and nutrition study and, at the same time, adequate for the growth 
of both hosts and pathogens. Glycerinated phosphates met these require- 
ments. The advantages of substituting a salt of giycerophosphoric acid 
for that of phosphoric in standard nutrient solutions have been described 
(1). The solution ultimately adopted was a modification of a glyeerophos- 


TABLE 2.- — Seed source of conifers used m damaging-off trials 


Species^ 

Year of 
collection 

Locality of eolleetionb 


Pinus resinosa Ait. 

1932 

Adirondack region, N. Y. (a) 


Pinus sylvestris L. 

1938 

Brushton CCC Camp, N. Y. (a) 


Abies concolor Lindl. & Gord. 
Pinus nigra Arnold v. aus- 

1940 

San Isabel Forest area, Colorado 

(b) 

iriaca Aschers & Graebn. 

1940 

Illinois (b) 


Picea pungens Engelm. 

1940 

San Isabel Forest area, Colorado 

(b) 

Pinus ponderosa Dough 

1940 

Lewis and Clark N. F. Mont, (c) (4000 
ft., kiln extracted) 

Pinus banlcsiana Lamb. 

1937-38 

Superior, N. F., Minn, (e) 


Pseudotsuga taxifolia Brit. 

1939 

Mt. Baker Forest, Barrington, 
Wash, (c) 



a Taxonomy of conifers after Eehder (22). 

b Seed received from: (a) E. J. Eliason, State Tree Nursery, New York State Conser- 
vation Department, Saratoga Springs, N. Y.; (b) Herbst Bros., New York City ; (e) H. L. 
Shirley, Allegheny Forest Experiment Station, Phila., Pa. 

phate type successfully used by Jackson (14) for the growth of Douglas Fir 
and Finns ponderosa^ as well as various isolates of Pythium and Bkizoctonia. 
The concentrations of the constituent salts were as follows : calcium nitrate, 
0.007 M; magnesium sulphate, 0.04 M; sodium glycerophosphate, 0.04 M; 
potassium chloride, 0.01 M ; iron citrate, to yield approximately 2 ppm. (1 
ml. 1 per cent solution) ; boron (boric acid), 0.05 ppm.; copper (sulphate), 
0.02 ppm.; manganese (chloride), 0.5 ppm. ; and zinc (chloride), 0.05 ppm. 
The salts were made up in stock solutions, sterilized by autoclaving, and 
added to distilled water in the proper quantities to make the required con- 
eentrations as needed. The reactions of the solutions were adjusted to de- 
sired endpoints with 0.1 N HCl and 0.1 N NaOH. All pH determinations 
Avere made potentiometrically with quinhydrone and saturated calomel half- 
cells. 

INOCULATION EXPERIMENTS AND RESULTS 
Liquid Cultures 

In preliminary tests, resinosa grown upon sterile liquid medium in 

test tubes was inoculated with a number of fungus lines (Fig. 1), following 
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with some modification the technique described by van Luijk (17) for grasses 
and applied to conifer study by Ten Houteii (28). A hollow^ cylinder of 
filter paper, with the upper end covered by a lid bearing six 2-nim. holes 



liquid seedlings of Finns resinosa with lines of in sterile 

■R of entire culture tube showing arrangement of seedlings, 

days itelrl^splantS transplanting. C. Sterile seedlings 30 

Of eiweiMent (21 days). D. Fusarium orthoceros v. 
lonffius (E60), all seedlings attacked. E. F. moniUforme (E35), all attacked P F 
vminfechim (E34), 3 seedlings to right not attacked and without typical constriction's. 

regularly distributed along the periphery and a larger aperture (5 mm.) in 
the center, was inserted into the bottom of a test tube (3.5 x 20 cm ) Ex- 
actly 50 cc. of nutrient solution, adjusted to yield pH 6 after sterilization. 
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was added so that the surface of the liquid reached the level of the lid. The 
tube was then plugged and autoclaved. Seedlings from surface-sterilized 
sfeed, germinated in sterile agar and closely checked for sterility after germi- 
nation and with radicles from one to three cm. long, were transplanted to the 
tubes with aseptic precautions. The radicle of a seedling was inserted 
through one of the peripheral holes in the lid of the cylinder. The cultures 
were placed in a greenhouse (thermostatic control, 68®~75° F.) for three 
days. Seedlings that failed to grow were removed and replaced. When all 
seedlings were growing satisfactorily, the tube was inoculated by inserting 
a grain of inoculum into the liquid through the central hole in the lid. A 
small quantity of glass wool within the cylinder served to lodge the inoculum 

TABLE 3. — Dampmg-off of Pinus resinosa seedlings inoculated with mrious f%ngi 
in liquid cultures 


Number of seedlings 
Number of invaded 

Line no. Pungus seedlings — — 

inoculateda After After 

10 days 21 days 


EllC Fusarimn poae 12 12 12 

E34 F, vasinfectum 18 10 14 

E33 F. sporotricMoides 36 27 35 

E60 F. orthoceros v. longius 18 12 18 

16... F. orthoceros 18 17 18 

64 F, avenaceum 12 12 12 

E32 F. javanicum v, radicicola 18 6 9 

58 F. reticulatum 12 12 12 

1C F, aquaeductuim v. medium 12 3 7 

E8A F. samhucinum 18 5 7 

E35 F. moniliforme 18 11 18 

E2A F, solani Y. martii t. 1 12 3 8 

631 BMsoetonia solani 12 12 12 

Control , 24b 0 0 


a Six seedlings per tube. 

bAn additional control tube showed a mold several days after the seedlings were 
transplanted. Two seedlings were rotted at the expiration of the test (21 days). 

just below the surface of the liquid, as well as to provide support for the 
seedlings. Holes cut in the sides of the cylinder permitted the observation 
of the development of the host and the fungus. The inoculated tubes were 
kept for 3 weeks in the greenhouse. 

The criterion of whether a fungus was able to attack the host was the 
Ausible evidence of a constriction in the root or hypocotyl, where the cortical 
tissue was destroyed. A collapse of the seedling, the typical normal damp- 
ing-off symptom, could not always be used because the seedling received con- 
siderable support from adjacent plants and from the wall of the tube ; nor 
could fungal growth along aerial portions of the plant be used as a sign of 
infection, since this commonly occurred because of high humidity. How- 
ever, from seedlings with typical constrictions (Fig. 1, D, E and F), surface- 
sterilized and sown on potato-dextrose agar, the inoculated fungus could be 
isolated. Plates from unconstrxeted seedlings, with the same treatment, in- 
variably remained sterile. ' 
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All 12 of the Pusaria in the liquid-culture inoculation tests were patho- 
genic (Table 3). Fusarium avenaceum, F. poae, F. moniliforme, F. reticu- 
latum and the two varieties of F. mihoceros caused complete losses, com- 
paring thus in virulence with the Rhizoetonia line. F. sporotrichioides was 
also highly parasitic. The rest of the lines were moderately parasitic. F. 
samhucinum was the least virulent of the lines tested in this experiment. 



I’lo. 2. Inoculations in quartz-sand cultures of Finns resinosa with lines of Fusarium. 
photographed 26 days after planting and 14 days after emergence: A. Controls. B. F. 
ori}iooe.ros v. longius (Line 61). C. F. poae (Line 68). D. F. reticulatum (Line 58), 
F. F.oxysponm {hmeZQ). F. F. avenaceum m). 


Quartz-Sand Cultures 

The quartz-sand cultures (Pig. 2) were maintained in four-inch pots 
with sand that had been washed for several hours in cold, running water, 
soaked in hot water, and then rinsed in distilled water. Each pot was 
painted on all surfaces with DuPont acid- and alkali-resistant black paint to 
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reduce water loss through eraporation. The pots of saud were covered with 
Petri-dish lids and autoclaved for one hour at 15 pounds. After inoculation, 
the pots were flooded with the standard nutrient solution adjusted to pH 6. 
and were incubated at room temperature for several days to permit thorough 
permeation of the sand by the fungi. Bach line was inoculated in duplicate 
and controls were prepared with sterile rice-mush. Fifty surface-sterilized 



Fig. 3. Diagram showing the results of inoculations of quartz-sand cultures of Pinus 
resinosa with various fungi: comparative emergence (length of har), post-emergence damp- 
ing-off (black) and final stand (white). Levels of significance for emergence (dashed 
lines) and post-emergence losses (black portions of bars to right) are given. 

seeds of Pinus resinosa were then sown on the surf ace of each pot and eoyered 
with one-quarter inch of sterile sand. The pots were kept in the greenhouse 
and watered daily by flooding with nutrient solution freshly prepared by 
adding sterile stocks to distilled water, without autoclaving. The glass 
covers were removed after the seedlings began to emerge from the sand. 

All the fungus lines were tested in two experiments, and although the 
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first was started two weeks before the second, each was maintained for 
three months under identical greenhouse conditions* The seedlings which 
damped-off after emergence were removed as soon as recognized and the 
numbers recorded. The results are in figure 3. The error variance, or the 
differences in results derived from each of a pair of duplicate pots in a treat- 
ment, was statistically employed for determining the significance of the 
variance between lines and between each line and the control used as a 
standard (18, 23), 

A certain amount of post-emergence loss was evident in all the control 
series, although relatively small. This w^as unavoidable, since no precau- 
tions were taken to prevent contaminations by air-borne organisms, and in 
the duration of the experiment some managed to enter the controls. Pusaria 
were isolated less than once out of eight times from control seedlings which 
damped off. 

Sterilized-Soil Cultures 

Inoculation tests in soil -were performed on all the coniferous hosts with 
a selection of Pusarium lines and the fungi used as standards (Pig. 4) . The 
soil contained three parts of loam, two of sand, and two of leaf -mold. After 
steam sterilization the final pH ^vas 5.8. The soil w^as placed in wooden 
flats, with inside dimensions of 9 x 12 x 5 inches and each w^as autoclaved for 
one hour at 15 pounds pressiu^e on two successive days. Polio wing steriliza- 
tion, heavy paper covers reduced air contamination until seedlings began to 
emerge, after which the covers Wvere removed. Plats were inoculated, and 
controls were prepared, as were pots for the sand-culture experiments. The 
general thinning of stands (Pig. 4), as compared with the control, indicated 
a uniform distribution of inoculum. 

Three rows of 50 or 60 seeds of each host, depending upon the relative size 
of the seed, were sown in each flat, making the density of sowing in soil com- 
parable with that in the sand experiments. Each flat w^as watered daily by 
top-irrigation with distilled water. The tests were maintained for four 
months in the greenhouse (daily mean temperature, 68-80° P.), after \vhich 
the surviving seedlings Avere removed, the flats resterilized and the entire 
set of inoculations repeated. Thus the duplicate set in this case was not run 
concurrently. However, the greenhouse conditions under which both sets 
were maintained, the first in the spring and early summer and the second in 
the fall of that year, were made as closely alike as possible and there w’^as no 
A^ariation in the standard inoculation and planting procedures. The results 
of the inoculations are giveii quantitatively in figure 5, each percentage value 
being the average of the two tidals. Some damping-off again occurred in 
the controls, but as in previous experiments, only a relatively small percent- 
age of the isolations from these seedlings yielded Pusarium species. The 
losses caused by this accidental contamination were extremely small and 
insignificant in comparison with those in the inoculated flats. 

No attempt was made to CA^aluate the virulence of the various fungi on 
the basis of a consideration of each host-fungus combination. As is evident 








while F. avenmeum caused severe or complete post-emergence losses of all the 
hosts. Another means of analyzing the data was to consider the patho- 
genicity of each fungus on all the hosts simultaneously, expressed in terms 
of the mean emergence or mean post-emergence damping-off that each caused 
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from the results, most of the lines showed variahility in virulence within 
themselves on the different conifers. Some lines were fairly consistent: for 
instance, Fusarium poae (Line IIC) and F. reticulatum (Line 58) repeat- 
edly reduced emergence of all the hosts to 10 per cent or less of seed sown ; 


Fig. 4. Inoculations in autoclaved-soil cultures of coniferous hosts with various 
fungus lines- Hosts arranged in groups of three rows, left to right : Finns resinosa, Abies 
concolor, Picea pungens, Finns ponder osa, Finns banlcsiana, blank (originally planted with 
seeds of Finns strobus L. but seeds germinated too late and in too few numbers to be com- 
parable with other hosts) , Finns sylvestris, Fsendotsuga taxifoUa and Finns nigra austriaca. 
A. Control, 28 days after planting. B. F. eqniseti (Line 27), 22 days. C. Selerotium 
bataticola (Line 573), 28 days. 5. F. avenaceum (Line 66), 20 days. E. F. ortliooeros 
(Line 23A), 26 days. F. F. reticnlatnm (Line 58), 23 days. 
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oil all the conifers. Conversely, from the same data, it was possible to mea- 
sure the relative susceptibility of each host to all the ftingi and express it as 



Pig. 0. Diagram showing results of inoculations with various fungi in sterilized-soil 
cultures of conifers: emergence (Length of bar) j post-emergence damping-off (black); 
final stand in percentage of seed (white) . 


a mean value. The significance of the differences between snch means was 
determined by analyses of variance, subdividing the variance into three 
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TABLE A:.— Total percentage emergence of all hosts in autoclavecl-soil cultures 
inoculated with various f ungus lines 


Euiigus line 

Average percentage emergence of all 
hosts for each fungus line 

Means based upon 
Actual means controls evaluated 

at 100 per cent 

Order of ability 
to reduce 
emergence 

58 

2.9 

4.2 

1 

no 

4.1 

6.2 

1 

E33 

13.2 

17.6 

2 

66 

12.4 

22.3 

3 

67 

22.2 

31.2 

4 

631 

19.6 

32.4 

4 ■ , . , 

1145 

24.9 

41.7 

5 

K23A 

28.3 

45.2 

6 

27 

35.7 

53.1 

7 

59 

32.6 

53.7 

' 7 , 

52 

40.3 

59.9 

8 

E34 ....: 

42.0 

65.9 

9 

30 

42.2 

67.5 

9 

Cl 

46.0 

69.9 

10 

26A 

47.5 

72.1 

11 

1C 

53.1 

82.8 

12 

69 

50.7 

83.5 

12 

573 

54.4 

84.8 

12 

Con 

64.2 

100.0 


Least significant differ- 




ence between means ... 

1.3 

2.2 



portions : among fnngi, among hosts, and between duplicate series of tests 
( 18 , 23 ). 

These analyses revealed extremely high variability among fungi and 
among hosts. In considering emergence data, a slight significance was ap- 
parent in the variance due to duplication,* however, upon evaluating the 
emergence in the controls for each series at 100 per cent and reanalyzing the 
emergence in the inoculated flats in terms of percentage of control, the sig- 
nificance for duplicate trials disappeared. Thus the general effects of the 


TABLE 5 . — Total percentage emergence of each host in autoclaved-soU cultures 
inoculated with various f ungus lines 


TTAai- 

Average percentage emergence of 
hosts for f ungus lines 

Order of 
susceptibility 

XxUo u 

All lines 

Eusarium 

lines 

loss by 

Fusaria 

Finns resinosa 

36.5 

33.3 

1 

Pseudotsuga taxifolia 

35.9 

34.4 

1-2 . . 

Finns hanTcsiana 

44.5 

38.3 

. 2' , ■ 

Ficea pungens 

48.2 

48.6 

v3 

AMes concolor 

53.0 

50.6 

3 

Finns sylvestris 

57.4 

56.8 

4 

F. nigra austriaca 

61.7 

60.8 

4-5 

P. ponderosa 

63.9 

62.9 

5 

Least significant difference 




between means of all lines 

4.6 
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TABLE 6. Total percentage post-emergence damping-off of all hosts in autoclaved- 

soii cultures inoculated iviih various fungus lines 


Fungus line 

Average percentage post- 
emergence loss of all 
hosts for each fungus line 

Order of ability 
to cause post- 
emergence loss 

631 . 

95.8 

1 

66 

94.0 

1 

52 

83.8 

2 

67 

82.4 

2 

573 

78.2 

3 

59 

77,6 

3 

51, 

76.4 

3 

E33 

64.2 

4 

1145 

58.5 

5 

69, 

55.9 

5-6 

B23A 

52.8 

6-7 

30 

50.5 

7 

27 

44,8 

8 

26A ......... 

39.9 

9 

K34 

34.4 

10 

IG 

21.6 

11 

Cl 

13.5 

12 

Con 

_ ' ' 2.2 



Least significant difference 

between means 3.7 


fungi in the two trials w^ere fundamentally alike ; the general emei^gence 
potential differed, a condition probably arising from unavoidable variations 
in the extremely critical sterilization treatment of the seeds. The assump- 
tion of optimum germination in the controls permitted a comparison of host 
reactions to the fungi apart from the different capacities of the seed for 
germination. 

On the basis of these analyses, the results of the soil-culture experiments 
could be arranged in orderly sequences. The average percentages of emer- 
gence of all the hosts for each fungus treatment are given in table 4 in order 
of increasing sprouting, and the actual means as well as those based on con- 


TABLB 7, — Total percentage post-emergence dampmg-off of each host in autoclavecl- 
soU cultures inoculated with various fungus lines 


Host 

Average percentage post- 
emergence loss of hosts 
for fungus lines 

Order of sus- 
ceptibility to 
post-emergence 
loss by Fusaria 


All lines 

Fusarium 

lines 

Finns rcsinosa 

65.8 

75.9 

.'1 ' 

Fseudotsuga taxifolia 

69.9 

73.4 

1 

Finns nigra austriaca 

62.8 

65.2 

2 

AHes concolor 

59.4 

65.1 

"2', 

Finus sylvestris 

57.0 

58.6 

■3' . 

P. hanlcsiana 

51.1 

52.3 

4 

F, ponderosa 

39.7 

39.1 

■ ■ 5 / 

Fieea pimgens 

35.7 

■ 31.5 ^ 

6 

Least signidcant dift'erenee 




])etween means of all lines 


5.6 




1945] Tint: Virulence op Pusaeia on Conipees 435 

trols equal to 100 per cent emergence are included. In addition, the lines 
are ranked on the basis of their ability to reduce emergence. In table 5 is a 
like arrangement of hosts, based upon the average emergence after inocula- 
tions with all fungus lines, and with Pusarium lines alone. The hosts were 
ranked in order of susceptibility to emergence loss from the Pusaria. Simi- 
lar rankings with respect to post-emergence losses are in tables 6 and 7. 

I 

mscussioN 

The results of these inoculation experiments with various lines of fungi, 
predominately Fusaria of parasitic and saprophytic origin, on a general 
coniferous population, indicated that certain species of Fusarium were ca- 
pable of causing extreme reductions in emergence of the total viable seeds of 
the hosts (Figs. 3 and 5). In some eases the losses were greater than those 
caused by the standard lines of Bhizoctonia, Scleroiium, and Pythium. 
Furthermore, some Fusarium lines were comparable with these standards 
in their ability to cause post-emergence damping-off. In the two sand-culture 
experiments, 15 of 29 different Fusarium lines tested, significantly reduced 
emergence in comparison with the respective control series, and 8 of these 
were beyond the 1 per cent level of probability. Three additional lines pi’o- 
duced reductions of questionable significance. All the lines save F. equiseti 
caused significant post-emergence losses, the exception occurring within the 
doubtf 111 probability level. Of the standard lines, a common mold, Peni- 
cillmm sp., and the Pythium line, in both experiments neither reduced emer- 
gence nor caused significant post-emergence loss. Sclerotmm hataticola pro- 
duced no emergence loss but did cause a high percentage of post-emergence 
damping-off, and BMzoctonia solani was highly virulent both before and 
after seedling emergence. 

Different isolates within the species Fusarium orthoceros, F, reticulatum, 
F, avenaoeum, and F, poae, varied in ability to cause emergence losses in 
conif er seedlings. 

In the soil experiments all the lines tested significantly reduced emer- 
gence of the hosts when compared with uninfected controls. Five lines of 
Fusarium caused greater emergence losses than did the lines of BMzoctonia 
or PytMum. Six additional Fusaria ranged in virulence from a degree 
comparable with these standards to one resembling the Penicillium, Sclero- 
Hum hataHcola reduced emergence the least of all the lines tested. All lines 
caused significant post-emergence losses when compared with the control. 
BMzoctonia solani and Fusarium avenaceum caused the greatest losses. 
From the high rate of mortality of the few seedlings which germinated in 
inoculations with Fusarmm poae (LineRllC) emdF. reticulatum (Line 58), 
these lines appeared capable of inducing post-emergence losses comparable 
with emergence losses; however, for reasons already stated, these were 
omitted from the analysis. Three Fusarium lines were more virulent than 
the Sclerotium, and six were more virulent than the PytMum. F. aquae- 
cluctiium V. medium caused the least damage of the Fusaria, and the Peni- 
eillium less than any of the lines- 
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Failures of emergence in eoniferons nursery beds have long been asso- 
ciated with damping-off organisms; however, species of Fttsarium on the 
whole have generally been credited with less ability to cause pre-emergence 
than post-emergence losses (11, 12, 13, 28). Results of the present experi- 
ments indicate relatively equal virulence for Fusaria in both aspects of this 
disease, and agree with other observations (8, 21) that many Fusaria may 
reduce sprouting by the early decay of radicles. One author has stated that 
Pythmm ultimum and virulent strains of Corticium {Bkizoctonia) solani 
apparently caused more germination losses of conifers than any Fiisarinm 
line tested, with the exception of F. sporotricMoides (21). The present in- 
vestigations in soil and sand substrates, particularly the latter, indicate to 
the contrary that a number of Fusarium lines may reduce emergence to a 
greater extent than the species mentioned. 

Rather high emergence losses and post-emergence losses consistently re- 
sulted from inoculations with Fusarmm reticulahim (Line 58), F. poae 
(Line RllC), F. avenaceum and F. sporotricMoides; moderate losses of both 
types followed inoculations with F, vasinfechm and F. oxysporum; but F. 
aqiiaeductuum v. medmm caused little loss of either kind. Other lines were 
less consistent : some caused considerable emergence reduction with relatively 
little subsequent attack; others reduced emergence comparatively little, but 
caused high post-emergence losses. 

The virulence of the fungi depended to a very large extent upon the 
conditions under which they were tested. In liquid culture inoculations in 
test tubes, where only post-emergence attack was considered, all the lines 
caused appreciable or complete destruction of seedlings, even the relatively 
nonvirulent Line 1C. The conditions set up favored the fungus to such 
extent that even the least virulent organism attacked the host in the unnat- 
ural environment. Fine distinctions of relative virulence are not obtained 
by this method. In quartz-sand cultures, where the host had a solid sub- 
strate, approximately half the lines significantly reduced emergence while 
almost all caused heavy post-emergence losses. Here again conditions fa- 
vored the fungi to the extent that the severity of most of the losses permitted 
little comparison of relative virulence of the fungi. 

The soil-culture method, wherein most of the lines caused both types of 
loss, represents the closest approach in the laboratory to a duplication of 
nursery conditions. However, some artificiality is again evident, particu- 
larly in the sterilization of the soil, a procedure which is essential in order 
to remove potential damping-off organisms or any others that might affect 
the activity of the test oi'ganism, but which, as shown by Lindfors (16), 
unquestionably increases the severity of Fusarium attack. The generally 
greater emergence in the sand cultures compared to that in soil could not be 
explained as inability of the fungus to thrive in the sand, since sufficient 
rice-mush was carried along and uniformly distributed with the fungus 
mycelium in the process of inoculation so that ample nutrition was afforded 
the fungi. In addition, the fungi received accessory nutrient material in 
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tlie sand cultures from the standard nntrient solutions supplied. The poorer 
retention of moisture hy the coarse particles of sand, with consequently 
better aeration, probably stimulated emergence and allowed the fungi less 
opportunity to act upon radicles. These results paralleled Spaulding’s 
observation (27) that the use of a coarse sand cover apparently increased 
resistance to the disease. 

The simultaneous inoculation of all hosts as in the sterilized-soil tests, 
permitted a valid comparison of their relative susceptibility to Fusaria. 
Emergence and post-emergence losses were greatest in Pinus resinosa and 
Pseudotsicga iaxifolia. Hartley’s (12) observations have indicated, some- 
what differently, that Pinus resinosa is more susceptible to the later forms 
of damping-off than to germination losses. However, from his compilation 
of the literature on relative susceptibility of conifers, there is general agree- 
ment with the present results for P. resinosa^ most of the reports indicating 
a relatively high degree of susceptibility to damping-off. Pseudotsuga taxi- 
folia frequently has been reported as somewhat less susceptible, although 
later w’ork (5) describes severe attacks on this species. Eathbun-Gravatt 
(21) had comparable results on P. resinosa and P. lanksiana^ the seeds of 
the former showing reduced germination percentages in the presence of 
Fusarium, a result compatible with those of the present investigation. P. 
hanksiana proved somewhat less susceptible to post-emergence losses. Abies 
concolor was of moderate relative susceptibility to both categories of losses, 
somewhat at variance with early reports of its extremely high susceptibility 
to damping-off (3, 4). Hartley (12) states that literature reports indicate 
relative susceptibility of Pinus ponderosa and resistance of Picea pungens. 
The present results agree with the latter observation. P. pungens^ although 
moderately attacked before emergence, suffered the least post-emergence loss 
of the conifers tested. Pinus sylvestris has variously been reported as rang- 
ing from less susceptible than average to most susceptible (12). The pres- 
ent tests have indicated its relatively intermediate response to both types 
of attack. 

In all these experiments, the virulence of the fungi probably depended 
to a considerable extent upon the nature of their nutrition prior to inocula- 
tion.; Fusaria grown upon idee decoction have been more virulent than the 
same organisms from nutrient agars (20, 28). This is probably due to a 
higher production by the fungus of toxic materials on the rice, as suggested 
by the investigations of Ten Houten (28) and of van Eek (7), who is cited 
by the former to have secured a stronger attack with the extract of a Fu- 
sarium culture on rice than with the living fungus itself. Hence, in all the 
experimental methods used in these studies, the employment of moderately 
heavy, toxic inoculum, dense sowing, abundant moisture, and greenhouse 
conditions unquestionably favored the development of the fungi to an extent 
far exceeding that which w^ould normally be encountered in the field; and 
probably the magnitude of the losses seen in the tests would ordinarily not 



438 


Phytopathology 


[VoL.; 35 


be met in the nursery. However, the possibility remains that iincler some 
eireumstaiices, conditions might become similarly favorable for the estab- 

liishment of comparable host-pathogen relationships. Thus species of Fu- 
sarium, normal saprophytes in the nursery, might suddenly become highly 
virulent. 

SUMMARY 

Pour fungi used as standards and monosporous cultures of twenty-five 
Pusarium lines, some parasitic and others saprophytic, were tested for 
ability to cause damping-off of coniferous species. A method of host-pas- 
sage to determine pathogenicity is described. Eight coniferous hosts were 
selected for inoculation tests. 

Losses are tabulated as: (I) emergence loss, including seed decay and 
destruction of radicles before emergence of seedlings from the substrate ; 
and (II) post-emergence loss, including normal damping-off, top damping- 
off, and all root-rot fatal before the termination of the experiment. 

The relative values of some standard inoculation procedures for testing 
relative virulence is discussed. 

in liquid-culture inoculation tests in glass tubes, of twelve lines of Fu- 
sarmm tested on seedlings of Pinus resinosa, six caused complete loss, com- 
paring in virulence with a standard line of EMzoctonia solani 

All of the lines were tested in quartz-sand cultures of Pinus resinosa 
seedlings. Approximately half of the Pusaria reduced emergence signifi- 
cantly compared with the uninfected control, and all save one caused heavy 
post-emergence losses, the significance of the exception being questionable. 
Of the standard lines: Sclerotium hataticola did not lower emergence but 
caused high post-emergence losses ; EMzoctonia solani effected severe losses 
in both categories 5 and PytMum uUimum and Penicillium sp. did not 
significantly reduce emergence or cause post-emergence losses. 

Inoculation tests in sterilized-soil culture gave the most statistically 
reliable results of the methods employed because of the higher degree of 
replication available for analysis. The relative virulence of fifteen Pusa- 
rium lines and four standard cultures for a general coniferous population, 
represented by the eight hosts, was determined ; and conversely, the range 
of susceptibility of the hosts to the entire group of damping-off fungi was 
ascertained. A number of the Pusarium lines equalled and occasionally 
exceeded in virulence the cultures of PytMum and EMzoctonia, causing re- 
duced emergence and increased post-emergence losses. Sclerotium l)ataticol(i 
caused the least emergence loss but post-emergence attack was relatively 
high. Pmus resinosa and Pseudotsuga taxifolia were equally most suscep- 
tible to both phases of the disease. Pinus ponderosa had the least emergence 
loss and Picea pungens the least post-emergence loss. 

Nursery losses due to these fungi could be expected to be less severe than 
those thus experimentally induced ; however, conditions under some circum- 
staiK-es might resemble those in the tests, in which event losses of similar 
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magiiitiicle caused by normally sajiropbytie or moderately parasitic species 
of coiild be expected. 

Botanical Laboratory, 

University of Pennsylvania, 

Philadelphia, Pa. 
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STUDIES IN THE FUSAEIUM DAMPING-OPE’ OP CONIPEES. 

II. EBLATION OP AGE OF HOST, pH, AND SOME 
NUTEITIONAL PACTOES TO THE PATHO- 
GENICITY OP FUSAEIUM^ 

Howakd Tints, 3 
(Accepted for j)iil)lieatioii January 15, 1945) 

The dainping-off diseases of coniferous seedlings are usually epidemic 
in character. Their economic significance is due to the irregularity of the 
losses as well as to the severe reductions in nursery stands. In a single 
nursery, in one season, damage may be negligible or moderate j whereas, in 
the next growing period, losses may be severe. Adjacent seed beds may 
be attacked in highly varying degrees. Obviously, certain predisposing 
factors must operate, singly or in a particular combination, at any given 
time, to account for the variability in losses. 

Under certain conditions many species of Fusarmm cause severe reduc- 
tions in emergence as well as high post-emergent mortality (36). The 
present investigation deals with variations in environmental conditions 
affecting this host-pathogen relationship. 

GENERAL MATERIALS AND METHODS 

The selection of hosts and damping-off fungi was based upon results from 
a previous experiment (36) . The sources of seeds and of the Fusariuin lines 
were described in detail, as well as standard methods of seed sterilization, 
selection of monosporous cultures of virulent strains of fungi, preparation 
of inoculum and glycerophosphate nutrient solutions for the hosts and fungi. 
A division of the damping-off' losses into two categories, emergence loss and 
post-emergence damping-off has been described. The same division was 
followed in evaluating losses due to inoculations with fungi in the following 
tests. AVhere experimental procedure required occasional departures from 
these standard methods, the alternative treatments are described. 

All seedlings were grown in a low-humidity greenhouse, thermostatically 
adjusted to maintain a daily mean temperature range of 68-75° P., in those 
seasons of the year when such conti’ol was possible. 

Determinations of pH w^ere made potentiometrieally with quinhydrone 
and saturated calomel half-cells, and all solutions were adjusted in acidity 
with 0.1 N HCl and 0.1 N NaOH. 

AGE OP HOST 

Post-emergence losses from damping-off generally diminish with in- 

1 This paper constitutes one section of a thesis submitted to the faculty of the Gradu- 
ate School of the University of Pennsylvania, in. partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. 

2 The greater part of this investigation was earned on during the tenure of a George 
Leib Harrison Pellowshi]) at the University of Pennsylvania. 

2 The author wishes to express his appreciation to Dr. W. A. Campbell and Dr. B. 
8Ie(‘th for vahmlile suggestions regarding the preparation of the manuscript. 
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crease in age of coniferous seedlings (10, 11) . Early losses have been associ- 
ated with the tenderness of the young seedlings. With the development of 
woodiness in the hosts, ordinary damping-off losses became relatively negli- 
gible. Early post-emergence attacks, invariably fatal, have been included 
in the category of ordinary or normal damping-off' losses. Those occurring 
after this initial period, and not necessarily fatal, have been described as 
root-rot. Emphasis of the present studies has been placed primarily on the 
former type, and an attempt was made to determine how long after emer- 
gence seedlings were subject to normal damping-off attack by Pusarium 
species. 

Initial observations on the relation between age of host and susceptibility 
to attack were made upon seedlings of Pimis resinosa grown in quartz-sand 



Pig. 1. Belation of time to post-emergence damping-off of Pinus rcsfnosa seedlings 
inoculated in quartz-sand cultures with Pusarium and other standard fungus lines. 

cultures, watered daily with the standard nutrient solution adjusted to 
pH 6. These w^ere in 4-ineh pots that had been inoculated with Pusarium 
or other fungus lines prior to the planting of fifty seeds in each. Periodic 
records were made of the losses that occurred after the emergence of the 
seedlings. The damping-off loss in each culture was recorded as the per- 
centage of the total number of seedlings that had emerged up to that time. 

The results are in figure 1, the curves being based upon the averages of 
duplicate series for each fungus line. On seedlings in contact with the more 
virulent fungi, effects of attack were visible soon after emergence, and maxi- 
mum losses were reached within approximately three weeks. The effects of 
less virulent fungus lines did not become noticeable until later, although 
maximum losses developed before 30 days. For all of the lines there were 
slight increases in damping-off' with time, following the initial surge of 
attack. Losses from Sclerotium iataticola were low for the first six weeks 
but became very pronounced thereafter, reaching an extremely high level at 
the termination of tlie experiment. This tendency for Hclerofiuyn to be only 
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sligiitly effective in early attack, in comparison Fusarmm has al- 
ready been noted (36). 

In order to verify that these variations in host-pathogen relationship 
were due to increasing resistance of the host with age, healthy seedlings of 
Finus resinosa of varying ages were transplanted to pots of nutrient-watered 
sand, that had previously been inoculated wdth rice cultures of Fmarium 
oxysponim and incubated at room temperature for fivedays. Younger seed- 
lings w^ere taken from a sterile germinator, whereas older ones were growni in 
uninfected quartz-sand in the greenhouse. Each age group was tested in 
duplicate, at the rate of 40 seedlings per pot, and losses diie to damping-off* 
were recorded for 30 days after transplanting. Losses in the cultures, wdiieh 
were run simultaneously in the greenhouse, are given in figure 2. 



Pig. 2. Eelatioii of age of seedlings of Tims resinosa to rate and total extent of 
damping-off in quartz-sand cultures inoculated with Fusarium oxysyormn. 

Seedlings from 1 to 7 days old had the higher percentage of damping-off, 
and the reduction in levels of losses corresponded with the increasing age 
of the host. The time between initial exposure of the seedlings to the fungus 
and the first symptoms, varied from 6 days with the one-day-old seedlings 
to 11 daj^s for the 55-day-old plants. 

pH studies 

Soil reaction may affect forest-tree seedlings directly through the influ- 
ence of hydrogen or hydroxyl ions, or indirectly by influencing the avail- 
ability of nutrients, the physical condition of the soil, and the activity of 
parasitic and saprophytic soil-organisms. Conifers, in general, prefer an 
acid reaction for optimum seed germination (1, 4, 5, 6, 31, 37, 39) and for 
subsequent growth and development (fi, 14, 38, 40). Species of Fusarium, 
in the laboratory, have a wide tolerance for variations in the reaction of sub- 
strates, ranging from approximately pH 2 to 11, but optimum growth has 
usually been observed on media of acid or nearly neutral reaction (17, 19, 
20, 27). 
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Early observations by Gifford (9) revealed that an increase in the alka- 
linity of the soil by liming increased the amount of subsequent damping-off, 
whereas manuring treatments which tended to keep the soil reaction acid, 
reduced the damage. Anderson (3) observed that the application of wood 
ashes to seed beds before sowing increased damping-off of seedlings of Pimts 
sylvestris and Picea sitchensis. Hartley (10, 12) observed that damping-off 
in forest nurseries was not serious in soils with a pH lower than 6. In addi- 
tion, soil acidification treatments have been used to control the disease (7, 10, 
12, 18, 33, 35), although with only partial success in some localities. 

These observations have to a large extent been confirmed by inocnlation 
tests. Eoth^s investigations (29) on Picea excelsa inoculated in soil cultures 
with Pythium deBaryamim and Bhizoctonia solani, revealed no serious losses 
at pH values below 5.5, maximum attack on the acid side of neutrality, and 
again a lessening of losses at pH values above 7. The last effect is at vari- 
ance with general experience in the field, where heaviest losses occur at an 
approximate pH value of 8 (10). Inoculations of Douglas Fir and ponder- 
osa pine with isolates of Pythium and Bhizoctonia by Jackson (16), gave 
similar results. In sand cultures, however, Jackson’s results showed better 
agreement with field experience for the higher pH values, although some- 
what more damping-off at the acid levels was obtained than under natural 
conditions. Ten Houten (35), from inoculation tests on Pinus nigra anstri- 
aca^ in soils that varied in pH and in organic matter, concluded that the 
parasitism of Pythium deBaryanum, Bhizoctonia solani, and Pusarium oxy- 
sporum, was highly dependent on the reaction of the soil. In those soils in 
which the pH was 4.5 or lower, the damage caused by these fungi was not 
important. 

A preliminary test of the relationship of pH and soil-sterili^;ation to 
damping-off was performed in soil samples artificially adjusted into a pH 
series according to a method used by Roth (29). A soil was prepared from 
three parts of loam, two of sand, and one each of leaf -mold humus and acid 
peat (Canada). To half of this mixture one extra part of peat was added 
and to the other one part of humus, yielding respective pH values of 5.1 and 
6.3. By the addition of graded amounts of coarse sodium-calcium hydroxide 
(40 per cent NaOH, 57 per cent Ca(OH)2, 2 per cent H2O) to the more alka- 
line portion, samples with pH values of 6.9, 7.9, 8.3, and 8.6 were obtained. 
Similar treatment of the acid portion with sodium bisulphate (35-36.5 per 
cent H2SO4) yielded lots of pH 4.9 and 3.6. A mixture of the two original 
lots gave a sample of pH 5.6. In preliminary investigation, soil samples 
similarly adjusted maintained their new reactions rather closely for a long 
time if continually moistened with water adjusted to corresponding acidity 
levels. All acidity determinations, however, were made upon samples air- 
dried in the laboratory for several days. This method of adjusting and 
maintaining the acidity of soil provided samples highly comparable in physi- 
cal and basic chemical content, differing mainly in respect to the acidifying 
and alkalizing substances added. It permitted a more significant compari- 
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^on of tlie effects of the reactions on the growth of the host and the damping- 
off losses induced by inociilated fnngi than would have been possible in a 
collection of soil samples from different localities. 



'Em. 3. Eelatioii of pH to tlie growth and damping-off of Finns resinosa in soil cul- 
tures inoculated with Ftisarium oxyspomm (Line 30) and F. avenacenm (Line 09). Ee- 
suits for inoculated series expressed in terms of corresponding control data. 

Each pH lot was distributed into twelve 7-inch pots, and six of each 
group were autoclaved at 15 pounds for one hour on two successive days. 
The resultant pH values in the autoclaved samples were 3.8, 4.9, 6.1, 7.1, 7.7,. 
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8.0, and 8.4. Duplicate pots were tlien inoculated witli rice-mush cnltures 
of Fiisarmm oxysporum (Line 30) and F. avenacexim (Line 69), sterile rice 
medium being added to the control series. After incubation for one week 



Fig. 4. Eelation of pH to the growth and damping-off of JPinus poiiderosa in soil 
cultures inoculated with Fusamm oxysporum (Line 30) and F. avenacetim (Line 69). 
Results for inoculated series expressed in terms of corresponding control data. 

at room temperature, 50 seeds each of Pinus resinomj Pinus ponderosa^ and 
Piniis sylvestris were planted in each pot, and all series were placed in tlie 
greenhouse. 
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Bii'i6rg’Giice End post-GniGTg'GucG losses wcrG tabulated during o uiontbs. 
At the termination of the experiment a survival count was made and the final ’ 
pH of the various soils was measured. To evaluate the effects of the inoeu- 



Fig, 5. delation of pH to the growth and damping-off of Pinus sylvestris in soil 
cultures inoculated with Fnsarium oxysporum (Line 30) and F. avenaceum (Lino 69). 
Results for inoculated series are expressed in terms of corresponding control data. 

latioiis alone at the various pH levels, apart from those losses occurring* as 
a result of the growth of the hosts in some instances in a physiologically 
unsuitable environment, seedling losses in inoculated pots were calculated in 
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terms of corresponding control data. The weighted results are given in fig- 
ures 8, 4, and 5, which also include the original control results for purposes 
of comparison. Emergence data are plotted against initial pH valnes, and 
those for post-emergence loss and final stand against the average reactions 
that prevailed during the experiment. 

The differences in pH, or their indirect effect, exerted a pronounced inflii- 
eiice upon the relative emergence of the hosts, and also affected their ability 
to survive. Attempts to isolate organisms from seedlings that died in con- 
trol pots showed that fnngi conld not be isolated from approximately half 
the seedlings, and that from infected seedlings, Fusarium isolations were no 
more numerous than other contaminants. 


TABLE 1 . — Final eoncenirations in paits per million of some constituents determined 
hy dilute-acid extracts of soil samples adjusted and maintained in a pK range, A hlank 
test indicates the substance is low beyond the sensitinity of the test reaction. The values 
for pH are average for the dttration of the experiment 





pH values for autoclaved soils 




3.9 

5.1 

6.0 

7.0 

7.5 

8,1 

8.5 

Ca 

40 

no 

115 

160 

150 

165 

175 

K 

0 

0 

0 

0 

0 

0 

0 

NO., 

1~2 

10 

8 

5 

5-8 

18 

20 

NOa 

0 

0 

0 

tr 

1 

tr 

tr 


5 

6 

2-3 

0 

tr 

2 

1 

Mg 

1--2 

5 

7-10 

8 

10 

15-20 

8 

P 

2 

4 

5-6 

10 

45 

25 

30 

SO4 

30 

120 

10 

0 

0 

0 

0 




pH values for uiisterilized soils 




3.7 

5.0 

5.6 

6.8 

7.8 

8.1 

8.6 

Ca 

40 

100 

90 

165 

175 

250 

200 

K 

0 

0 

0 

0 

0 

0 

0 

NO3 

5-10 

15 

5 

2 

4-5 

10-14 

60 

NO. 

0 

0 

0 

0 

1 

1 

tr 

NHa 

3 

2 

tr 

0 

1-2 

1 

1 

Mg 

1-2 

3 

8-10 

12-16 

10-12 

12-14 

12 

P 

2-3 

5 

5 

8-10 

15-16 

45 

55 

SO4 

50 

100 

0 

tr 

0 

0 

0 


At the several levels of acidity, there were pronounced differences in 
host-response with respect to emergence, survival, and damping-off to two 
Fusarium lines, both in autoclaved and unsterilized soils. However, there 
was no indication whether the effects were due to reaction differences di- 
rectly, or to the indirect results of the chemical changes induced by the treat- 
ments of the soil samples. Analj^'ses made at the termination of the ex- 
peidments upon the uninoculated soil samples, according to the methods of 
Spurway (34), showed significant differences in the availability of certain 
constituents at the different levels of reaction, and between autoclaved and 
unheated samples. The results of these analyses are given in table 1. Cer- 
tain of these differences could have been anticipated from the manner of soil 
treatment. Thus the increase in Ca availability with the rise in alkalinity 
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and of the SO 4 ion in the acid samples are understandable. The latter, how- 
ever, gave a higher test at pH 5 than at the more acid levels to which it had 
been added in greater amounts. In view of similar variability of the other 



Pig. 6. Relation of x>H to the growth and damping-off of three conifers in quartz- 
sand cultures inoculated with Fusarium ocsysporum (Line 30) and F. avenaceum (Line 
69). Results for inoculated series are expressed in terms of corresponding control data. 

constituents, further experiments were necessary, in which the factors of 
reaction and nutrition could be independently controlled. 

In order to establish the relationship of acidity alone to the development 






1945] Tint: Environment and Fusaria on Conifers 449 

and damping-off of eonifei’s, inoculation tests were made in quartz-sand 
(Ottowa) substrates, watered by flooding daily witb the basic nutrient solu- 
tion adjusted in pH at one-unit intervals from 4 to 8 inclusive. The experi- 
ments were in duplicate on tliree hosts inoculated witb two fungi, Fusarium 
oxysponmi (Line 30) and F. avemceum (Line 69). Fifty' seeds of Pinus 
resinosa and 50 of Pinus sylvestris were sown separately in four-inch pots, 
and the same number of seeds of Pinus nigra austriaca in five-inch pots, all 
of which had been inoculated five days previously with rice cultures of the 
fungi. Control series received sterile rice mush. Emergence and losses 
w^ere recorded for two months. The results, recalculated according to the 
method described, are summarized in figure 6. 

Corresponding studies were made upon the effects of acidity variations 



Fig. 7. Effect of acidity on tlie growth of Fusarium oxysporum (No. 30) and F, 
avenaceum (No. 69) on potato-dextrose agar. 

upon the growth of the two Fusaria in Petri plates on potato-dextrose agar. 
The pH varied by one unit from 2.0 to 9.0, each treatment replicated five 
times. After incubation for six days at 28° C., two diameters at right angles 
were measured for each culture and averaged (Fig. 7). 

NUTRITION 

The concentration of the nutrient solution is an important factor in the 
growth and tolerance to environmental conditions of coniferous seedlings 
(8, 24, 25, 26, 41). A deficiency in any of the essential nutrients or an 
unbalanced ratio, as may w^ell be induced by prevalent acidity conditions 
(13, 22, 28), influences the entire metabolic process, and as a consequence, 
may decrease the resistance of the seedlings to physiological and infectious 
diseases. Similarly, Fusarium species, as w^ell as other soil organisms that 
may be potential damping-off agents, have specific nutritional requirements 
(17, 21, 27, 42), and the effects of alterations in concentration of nutrients, 
with changes in acidity, may conceivably be the underlying or a contributing 
factor to the various levels of pathogenicity of these organisms. 
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Nutritional aspects of the growth, and damping-off of Pinus resinosa were 
studied in sand cultureSj with excesses and deficiencies of calcium, phos- 
phorus, nitrogen, magnesium, potassium, and sulphur in the standard nutri- 
ent solution. Since the original nutrient solution contained certain salts 
supplying two of these elements, in order to eliminate either one of them it 
was necessary to replace an equivalent concentration of the remaining con- 
stituent of the compound by sodium-salt or metallic chloride, depending 
upon whether it appeared as an anion or cation. An excess of any element 
was attained by trebling its molar concentration by the addition to the basic 



Fig. 8. Effects of defieieneies and excesses of various elements on emergence and 
damping-off of Pirns resinosa inoculated in quartz-sand cultures with Fusarium oxysporum 
(Line 30) and F, avenaceum (Line 69). Eesults are averages of duplicate trials. 

solution of twice the original concentration of the particular ion as chloride 
or sodium-salt. In the case of phosphorus, additional treatment w^as neces- 
sary. Since originally this element was supplied in a glycerophosphate salt, 
used also as a source of carbon for the fungi, the removal of this ion from 
the solution necessitated the addition of an equivalent concentration of some 
carbon source, in this case dextrose. Conversely, an excess of phosphorus 
was attained by the use of NaoHPO^, in order not to increase the basic carbon 
content of the solutions. All solutions before use w’^ere adjusted to a final 
pH of 6. 
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TABLE 2. -BesuUs of the growth of Pinus resinosa seedlings in cfuartz-sanel ctd- 
iures deficient in certain elements. Duration of experiment SO day's following emergence. 
Daily mean temperature range 68-75° F, 


Element 

No. of 
seed- — 

Average length in 
millimeters 

Average weight in 
milligrams 

Ratio of green 
to dry weight 

lings 

Roots 

Hypo- 

eotyls 

Green 

Dry ■ 

Ca 

23 

13.7 

43.9 

43.4 

4.6 

9.4 

K 

21 

11.2 

39.3 

33.9 

5.5 

6.2 

. N 

30 

21.5 

42.4 

45.6 

7.1 

6.4 

Mg 

11 

10.9 

35.3 

43.5 

5.3 

8.2 

S 

30 

12.6 

39.9 

44.0 

4.7 

9.4 

P 

27 

12.7 

43.3 

44.6 

3.9 

11.4 

Pull 

30 

13.4 

43.7 

44.0 

6.0 

7.3 


Tlie inoculation procedure was modified to prevent any great change in 
the concentrations of the various nutrients which might result from the addi- 
tion of rice to the substrate. Fusarium oxysporitm and F. CLvenaceum were 
grown on 50 cc, of an aqueous extract of boiled rice, to which had been added 
0.5 per cent dextrose. After incubation for three weeks at 28® C., the my- 
celial mats were removed, thoroughly washed with distilled water, and then 
ground with sterile sand in a mortar. This was distributed as inoculum, at 
the approximate rate of one-half mat per pot, into four-inch pots of auto- 
claved sand, which were subsequently saturated with the various nutrient 
solutions. The pot cultures were incubated for five days at room tempera- 
ture and 50 seeds of Finns resinosa were then sown in each. Duplicate series 
for both fungi and controls were maintained for 30 days following general 
emergence of the seedlings, the pots being watered daily by flooding with the 
corresponding solutions. 

The results are given in figure 8. At the termination of the experiment, 
the seedlings were removed from the substrate and certain growth character- 
istics measured. These have been summarized in tables 2 and 3. 

The responses of Fusarium oxysporum to nutritional conditions W'ere 
tested in 5 replicates on agar substrates (1.5 per cent) in Petri dishes, pre- 

TABLE 3. — BesuUs of the growth of Finus resinosa seedlings in quarto-sand cul- 
tures with excesses of certain elements. Duration of experiment SO days following emer- 
gence. Daily mean temperature range 68^75° F. 


Element 


No, of 
seed- 
lings 


Average length in 
millimeters 


Roots 


Hypo- 

eotyls 


Average weight in 

milligrams Ratio of green 
to dry weight 

Green Dry 


Oa 

30 

20.5 

38.4 

41.2 

5.7 

7.2 

K 

30 

19.5 

39.6 

. 43.0 

5.7 

7.5 

N 

22 

18.6 

38.8 

42.8 

5.9 

7.3 

Mg 

36 

20.6 

38.9 

44.7 

5.5 

8.1 

S ■■ 

35 

19.2 

39.1 

41.8 

5.6 

7.5 

P 

24 

18.2 

37.7 

43.5 

5.8 

7.5 

Pull 

"■ ;32' 

20.1 

39.9 

46.0 

5.6 

8.2 
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pared from solutions containing corresponding excesses and deficiencies of 
elements, and adjusted to yield pH 6 after sterilization. The average diam- 
eter of each colony was determined after incubation for 6 days at 28° C. 
The results, given in table 4, indicate significant differences in the growth 
of the fungus under the several conditions. Eemoval of a single element in 
each case reduced the growth in comparison to that on the standard solution. 

TABLE 4, — Eesults of the growth of Fusarium oxysporim in synthetic-nutrient agar 
containing deficiencies and excesses of certain elements 


Element 


Average diameters of colonies in mm. 
Deficiency Excess 


Ga 

74.7 


84.5 

K 

69.0 


81.4 

N ■ 

65.7 


86.4 

Mg 

S 

72.6 


80.1 

69.4 


82.6 

P 

67.6 


78.5 

Pull 


82.4 



DISCUSSION 


Inoculations in sand cultures, adjusted over a pH range, witli two species 
of Fusarmm upon three coniferous hosts, revealed, on the average, a direct 
correlation between reaction and damping-off. Although variance was evi- 
dent in the reactions of the hosts among themselves and between fungus 
treatments, a definite trend nevertheless was indicated for losses to become 
greater with decreasing acidity. The differences in parasitism at the vari- 
ous pH levels were most likely dependent upon the direct effect of the reac- 
tion of the media on the growth of the pathogens. With the single exception 
of the reduction in emergence of Pinus nigra anstriaca on the most acid 
medium, different levels of reaction apparently had no significant effects 
upon the hosts, measured in terms of emergence and survival. In contrast, 
however, both fungi were directly affected by the changes in acidity, and 
their relative growth at the various levels was directly correlated with the 
losses induced. Jackson (16) also has interpreted the lower losses under 
more acid conditions with inoculations of Pythium and BMzoctonia on coni- 
fers in sand and liquid cultures, in terms of a direct effect of the reaction on 
the growth of the parasites. 

The results of soil tests of reaction differences indicated a far greater 
variability for damping-off* as well as for emergence and survival of hosts in 
uninoculated controls. In both autoclaved and unsterilized soils, losses were 
generally negligible or moderate at the extreme acid end of the range. 
Maxima were reached approaching neutrality and the losses dropped sharply 
in most cases at pH 7.5 and 810, to be followed later by severe or complete 
losses at the most alkaline values. Both (29), reporting results from a study 
of the effect of pH on the damping-off of Norwa,y spruce (Picea excelsa Link) 
grown under somewhat similar soil conditions, found losses caused by Cor- 
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Ucium vagum and Pythkim deSaryaniim definitely increased from pH 3.8 
to maxima between 6.5 and 7.0 and then decreased at pH 8.0. These facts 
agree to some extent with the present results, although they were not 
extended so far with regard to more alkaline substrates. 

The variance between the results derived from sand- and soil-cultures 
undoubtedly resulted from the additional chemical variability in the latter. 
Deficiencies and excesses of certain elements which varied in the soil cul- 
tures, tested under controlled conditions of reaction in sand-culture, were 
associated with losses from damping-off. It was frequently possible to cor- 
relate the magnitude of the attack with the simultaneous effects of these 
nutritional conditions upon the host and pathogen. Varying nitrogen gave 
the most pronounced differences in this respect. Where this element was 
deficient the growth of the fungus was least, whereas the host had optimum 
root development as well as a relatively low degree of succulence, expressed 
as ratio of green to dry weight. There was little loss from damping-off. 
An excess of nitrogen, although mildly affecting the host by a slight reduc- 
tion of root length, unquestionably stimulated fungus growdh sufficiently 
to account for the rapidity and severity of its subsequent attack. Hartley 
(10) has likewise expressed the belief , based on general nursery experience, 
that conifers grown on a soil rich in nitrogen are especially susceptible to 
damping-off. 

Illick and Augenbaugh (15), in studies on Pmus rigida, stated that an 
excess of lime in the soil creates conditions which are most favorable for the 
activities of damping-off fungi, although no mention is made of any direct 
effect of excess lime on the seedlings. In the present experiments, a defi- 
ciency of calcium, inducing a high degree of succulence of the seedling, com- 
bined with the best fungus growth of the entire deficiency series, resulted in 
early and heavy attack. On the other hand, an excess of calcium yielded a 
hardened seedling with good root development, by virtue of which the liost 
apparently was able to withstand rather good growth of the fungus. This 
suggests that the high mortality associated with alkaline calcareous soils is 
due to the reaction directly rather than to the high calcium content. In fact, 
Albrecht and Jenny (2), in studies of the damping-off of soy bean seedlings, 
concluded that within a wide range of pH (3.8-8.0), heavy damping-off 
occurred only when the calcium supply was low, but none took place when 
the supply of calcium wus high. Chapman (6) indicated that pH and solu- 
ble-calcium content may independently influence survival of shortleaf pine 
(Pimis ecMnata Mill.) ; the latter factor, however, restricting survival with 
concentrations of 500 parts per million or higher. Howell (14) observed 
that calcium is not deleterious to seedlings of Pimis ponderosa, and suggested 
that the fact that the ion is not assimilated by the plant in alkaline soils may 
be important. In the soil experiment of the present investigations, the cal- 
cium content was increased simultaneously with the alkalinity of the me- 
dium, and the higher losses that resulted may have been due to the masking 
of the beneficial effect of calcium, present in less than toxic concentrations, 
by the alkaline environment. 
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Tlie concentration of phosphorus likewise markedly alfected the growth 
of the host as well as the extent to which it damped-off. Under a deficiency 
of this element, the seedlings were the most succulent of the entire lot and 
were extremely susceptible to attack in spite of the fact that the fungus grew 
rather poorly. With an excess of phosphorus, the seedlings became moder- 
ately hard and the fungus growth was poorest of the entire excess series, 
both factors combining to yield a relatively lower level of attack. Availa- 
bility of this element appeared to be a factor related to the reduction of losses 
in the soil experiments on the alkaline side of neutrality. These low points 
generally occurred at pH 7.5 in the autoclaved soils and at 8.1 in the un- 
sterilized lots. Both points coincided with a high content of available phos- 
phorus. The availability of this element has been associated Avith buffering 
of plant cytoplasm and cell sap (6), its reduction in the substrate being 
associated with a lower degree of buffer capacity for alkali. Addition of 
superphosphate to an acid nursery soil in which seedlings were developing, 
somewhat increased the ability of the plants to withstand a wide range of 
emdronmental conditions (14). 

Damping-off' of the seedlings, under the influence of variations in the 
concentrations of the other elements tested, was less consistent than were the 
effects of the conditions upon the hosts. In general the reduction of losses 
where the test elements were deficient, as compared with the control, ap- 
peared to be related to the corresponding reduction in growth of the fungi. 
In those media in which all the elements were present in their basal concen- 
trations, the growth of the colonies appeared little influenced by specific 
excesses, and the losses were comparable with those in the standard solution. 
Young and Bennett (42) have shown that the proper balance of the inor- 
ganic constituents in the solution is essential for the maximum growth of 
Fusarium oxysporum and other fungi. In the present experiments, this 
balance Avas more affected by the removal of an element from the nutrient 
solution than by an increase in. its concentration. 

The chemical factors were connected Avith steam sterilization of soil. 
Heating the soil produces pronounced chemical and biological changes (10, 
23, 30, 32), Avhich must be considered in evaluating the treatment to control 
damping-off. Lindfors (19) concluded that steam-sterilization of soil cre- 
ated conditions faAmrable for reinfection by Fusarium. Ten Houten (35) 
found a similar increase in attack with Bhizoctonia solani on sterilized soil, 
and attributed the higher damage to the removal by the heating process of 
organisms antagonistic to the pathogen. A similar vicAV Avas taken by Hart- 
ley (10). Scheffer (30) observed that a heat treatment of soil was not detri- 
mental to subsequent growth of several conifers ; in fact, plants groAvn in the 
heated soil developed somewhat better roots and croAvns. However, as indi- 
cated by the results of the present experiments as well as other observations 
(23, 32), steam sterilization may change the reaction of a soil as Avell as its 
basic nutritional equilibrium. Some of these factors may operate indepen- 
dently, or in combination, upon host and pathogen alike to affect directly the 
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amount of disease. Thus the effectiveness of the treatment depends upon 
•whether the conditions favor or oppose the relationship. The present results 
have indicated that the treatment increased subsequent losses as often as it 
reduced them, with no apparent consistency, over the entire range of soil 
samples. Similar conditions in the field undoubtedly account for the varia- 
bility and contradiction of the reports on the usefulness of this method. 

SUMMARY 

In seedlings of Finns resinosa grown in quartz-sand culture and inocu- 
lated with Fusaria and other fungus lines, losses due to more virulent fungi 
appeared relatively early and reached their maximum levels within approxi- 
mately three weeks following emergence, whereas those due to less virulent 
lines were delayed, although generally reaching maximum levels before 
thirty days. Losses from Sclerotium 'bataiicola, a comparison line, were low 
for the first six weeks, but increased thereafter and attained a* high level 
before seventy-five days. 

Tests with seedlings of various ages, inoculated with Fusnrium oxy- 
sporum under identical conditions, demonstrated that resistance to invasion 
increased directly with increasing age of Finns resinosa. 

The relation of acidity to damping-off was tested in cultures of a single 
soil the pH of which was varied artificially. In samples, subdivided to in- 
clude autoclaved and unsterilized lots, emergence reductions of three conifer- 
ous species due to inoculations wdth Fusarmm oxyspornm and F. aven- 
acenm were generally low or moderate at pH values in the acid range and 
high above pH 8. In some eases emergence in inoculated ]3ots was greater 
than in corresponding controls at pH 7.5 in autoclaved samples and at pH 4.9 
and 8.3 in unsterilized soils. Post-emergence damping-off was low in more 
acid samples, reached a maximum on the acid side of neutrality, fell off 
sharply in the autoclaved soil at pH 7.5 and in the unsterilized soil at pH 8.1, 
and then became uniformly high in the most alkaline substrates. Differences 
were not consistent at the various levels of acidity from autoclaved and 
unsterilized soil samples. The chemical variability in the soil samples, which 
resulted from the induction of reaction differences and from steam-sterili- 
zation is discussed. 

In quartz-sand cultures of varying pPI, losses of three conifers inoculated 
with the same fungi were generally high at ail levels of acidity, although 
there w^as some tendency for increased damping-off witli increasing alka- 
linity. 

Tests in quartz-sand cultures on the effects of variations in the concen- 
tration of certain constituents of the nutrient solution, under uniform con- 
ditions of reaction, demonstrated that the influence of nutritional factors on 
damping-off could be correlated with their simultaneous effects upon the host 
and pathogen. The magnitude of the loss was associated with the growth 
of the pathogen and the degree of susceptibility of the host, measured in 
terms of its succulence. A deficiency of nitrogen gave relatively negligible 
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losses, whereas an excess caused early and heavy attack. Deficiencies of 
calcium and pliosphorus resulted in liigh damping-off losses, wliicli were con- 
siderably reduced when these elements were present as excesses. When 
potassium, sulphur, and magnesium were deficient, final stands were some- 
what higher than under excesses of these elements, the latter resembling 
controls grown and inoculated in standard solutions. 

Botanical Laboratoey, 

University of Pennsylvania, 

Philadelphia, Pa. 
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THE EFFECT OF ARTIFICIAL LIGHT ON GERMINATION OP 
TJREDIOSPORBS OP PHRAGMIDIUM MUCRONATUM 
(PR.) SCHLECHT.^ 

Yincent W. Cochrane 
(Accepted for publication February 17, 1945) 

INTRODUCTION 

Dillon Weston (2, 3, 4) found that the germination of nrediospores of 
Puccinia graminis tritici is inhibited by intense light of the visible range. 
Separation of white light into its components demonstrated that the inhibi- 
tory effect is a property of the longer rays (red, orange, yellow) of the spec- 
trum; germination was not affected by blue or green light. 

Stock (10) reports no effect of strong artificial light on the germination 
of nrediospores of Puccinia triticina^ P. dispersa, and P, cor onaia, except a 
slight delay in the last two species in the time of movement of the spore 
protoplast into the germ tube. In the case of P. graminis the germination 
was somewhat delayed by strong light, but the eventual germination was as 
high in the light as in the dark. 

A similar retarding infiuence of diffuse sunlight has been found in the 
case of Puccinia glumarum tritici (11). 

Negative phototropism of germ-tube growth has been observed in the 
case of species of Puccinia (6, 7). 

Studies on other rusts (5, 8) have failed to establish any effect of light 
on urediospore germination. 

The data here presented were obtained during a general investigation of 
the physiology of spore germination in Phragmidium mucronatum (Pr.) 
Sehleeht., cause of the common leaf rust of cultivated roses. 

MATERIALS AND METHODS 

A singie-urediospore line of the pathogen was propagated on the variety 
Briarcliff and used in all experiments. This clone was isolated originally 
from infections on leaves of the variety Christopher Stone received from 
California.^ 

Mature nrediospores were brushed from the sori into a beaker, then trans- 
ferred to a small ''puff-duster'’ made of glass tubing. The spores were 
blown from this onto the surface of 2 per cent water agar contained in 7-cm. 
Petri dishes. Methods of collection and germination are more fully de- 
scribed elsewhere (1). 

The experiments were made in a thermostatically controlled constant- 
temperature room. The light source was a 500-watt "Mazda" CX bulb. 

1 Excerpt from a thesis presented April, 1944, to the faculty of the Graduate School 
of Cornell University, in partial fulfillment of the requirements'for the degree of doctor 
of philosophy. 

a The writer is indebted for the origmal rust material to Dr. H. Earl Thomas, Dept, 
of ITant Pathology, University of California Berkeley, Cal. 

■ m 
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Interposed between the light and the germination surface were a layer of 
water, a thin sheet of window glass, and a Corning ''AKLO” No. 395 filter. 
This filter was selected so that, in combination with the filtering action of the 
water layer, practically all of the infra-red rays were screened out. Various 
light intensities were obtained by placing the germination dishes at appro- 
priate distances from the light source. Light intensity was measured with 
a Weston Model 603 light meter equipped with a ‘^Viscor” filter. 

The significance of observed differences in germination was determined 
by means of the Chi-sqnare test (9). 

RESULTS 

A preliminary experiment demonstrated a marked inhibition of germina- 
tion at a light intensity of 3,000 foot-candles and a temperature of 22~24° C. 
Germination was 79.2 per cent in controls held in the dark at this tempera- 
ture, 17.1 per cent in lots exposed to the light. 


TABLE 1. — The mfluence of various intensities of artificial light on iircdiospore 
germmatio7i. Cheeks B, P, and F wi'apped in hlack paper and lead foil; checks G, H, 
and I in dark chambers 


Series 

Light intensity, 
foot-candles 

Temperature, 

oC. 

Per 

3 hr. 

cent germination*! at 

6 hr. 24 hr. 

A 

1250 

19.5-’20.0 


28.6** 

42.2** 

B 

0 (check) 

19.5-21.5 

85.0 

92.9 

93.7 

0 

200 

19.0-20.0 

80.4** 

91.8 

93.0 

D 

0 (check) 

19.0-20.0 

87.0 

91.2 

92.3 

E 

2.4 

19.0 

88.2 

92.2 

90,8 

F 

0 (check) 

19.0 

87.8 

91.6 

92.1 

G 

0 (cheek) 

18.0 

87.4 

92.2 

93.9 

H 

0 (check) 

21.0 

86.4 

92,6 

92.8 

I 

0 (check) 

25.0 

27.0 

62.6 

62.4 


51 Three- and six-hour counts based on 2 replicate samples of 250 spores each; 24:-liour 
count based on 4 samples of 250 spores each. 

Double asterisk indicates that germination differs significantly (99.1) from that of 
corresponding check. 

A comprehensive experiment to measure the effect of various light inten- 
sities on the rate of germination and its final value is summarized in table 1. 
Since the optimum temperature for urediospore germination in Phrag- 
micUum m%cronaiiim is 15-21° C, (1), the highest light intensity tested was 
one that did not raise the temperature above 21° C. 

Three sets of 4 Petri dishes WTre sown and placed in the lighted chamber 
so as to receive light of three different intensities — 1,250, 200, and 2.4 foot- 
candles, Similar plates wrapped in black paper and lead foil were placed 
adjacent to the exposed plates to serve as checks. Temperature was recorded 
periodically from wrapped and unwrapped thermometers at the 3 stations. 
Wrapped thermometers were enclosed in black paper and laid horizontally 
beside the germination plates. Lead foil was not used in wrapping these 
thermometers since it seemed that the heat-trapping effect of the black paper 
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wrapping would ensure that the maximum temperature would be reached. 
The temperature of the unwrapped plates was arrived at by periodic read- 
ings of unwrapped thermometers resting horizontally on the table beside the 
plates. 

A further series of checks (Table 1, G, H, and I) consisted of replicate 
plates sown with spores and held in the dark in temperature chambers at 
18°, 21°, and 25° C. respectively. 

The injurious effect of light at 1,250 foot-candles intensity is clearly 
demonstrated (A) . Both the rate of germination and the final value reached 
are significantly lower than the control (B). Chi-square comparisons show 
that only in the plates exposed to light of 1,250 foot-candles intensity w^as 
the attainment of the final level of germination delayed beyond 6 hours * in 
all other plates the germination at 6 hours was as high as that at 24 hours. 

Light at an intensity of 200 foot-candles (C) exerted a slight delaying 
action on spore germination. This effect was evident at 3 hours from 
sowing, not at 6 or at 24 hours, Le., there was no permanent inhibition. 

At the lowest intensity tested, 2.4 foot-candles, light had no effect on 
germination (E). The plates of this treatment were placed laterally in 
relation to the light source, but no evidence of phototropism of geiin-tube 
growth could be seen. Other plates (A, 0) that were illuminated were 
directly under the light source and therefore offer no data on phototropism. 

None of these effects can be explained on the basis of temperature, with 
the necessary reservation that temperatures inside of the spore cannot be 
measured and may exceed air temperature. In all cases the temperatures 
of the wrapped check plates (B, D, E, in table 1) w^ere as high as those of 
the lighted plates. Furthermore, germination in the dark at 25° G. (I) was 
significantly higher at all times than germination on plates at 19.5-20,5° C. 
and high light intensity (A). 

Effects of ultraviolet rays may be excluded, inasmuch as the light passed 
through a layer of wuiidow^ glass and the glass Petri-dish lid before reaching 
the spores. 

Spores that had been exposed for 24 hours to light of high intensity 
(Table 1, A) w^ere removed to a dark chamber at 18° C. After 24 hoiu’s 
under these conditions, germination had increased from 42.2 to 54.5 per cent. 
In other words, 21 per cent of the spores that had failed to germinate during 
the exposure to light \Yere still viable at the end of that period, 79 per cent 
were dead. 

Dry spores in thin-Avalled glass vials were exposed to light of 1,250 foot- 
candles intensity for 24 hours at 21° C. Germination of these spores at the 
end of this period ^vas not significantly different from that of control spores 
held in the dark. 

DISCUSSION AND SUMMARY 

Under strong artificial light (1,250 foot-candles) both final germination 
and rate of germination of urediospores of Phragmidium mucronatum on 
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water agar were depressed. For the great majority of the illuminated spores 
this phenomenon was not merely inhibition but was a lethal effect. A test of 
germination in the dark of previously illuminated spores showed that only 
21 per eeiit of the xingerminated spores were germinable after 24 hours expo- 
sure, the larger proportion of the spores having been killed by the exposure 
to light. 

It is, however, possible that the apparent lethal effect of strong light is 
only indirect.. Spores prevented from germination, but not otherwise in- 
jured, by the light may have lost their viability as the result of the leaching 
of soluble cell constituents into the agar medium. Unpublished experimen- 
tal investigations demonstrated that spores on agar lose their viability 
rapidly if prevented from germinating by low temperatures. In one such 
case storage of spores for 24 hours on agar at 3° C. resulted in a decline in 
viability from 91.1 to 25.4 pev cent. 

The subsequent germinability of dry spores was not affected by an expo- 
sure of 24 hours duration to light of an intensity of 1,250 foot-candles. 

For the sake of comparison Avith natural conditions it may be noted that 
light intensity at midday in the summer commonly reaches the value of 
10,000 to 12,000 foot-candles. 

Spores germinating on agar under an illumination of 200 foot-candles 
intensity Avere slightly delayed in germination relative to unlighted controls 
at the same temperature. The inhibitory effect of light of this intensity AV'as 
evident onl^T' during the first 3 hours of the germination period. 

Light of low intensity (2.4 foot-candles) had no effect on urediospore 
germination. There was no evidence of phototropism of germ tube growth 
Avlien the germinating spores were illumined laterally by light of this 
intensity. 

Department OF Plant Pathology, 

Cornell University, , 

Ithaca, New York. 
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LATE BLIGHT POEBCASTING SERVICE 


War Service Committee of the Upper Missis sif^pi 
Valley Plant Pathologists 
I.E. Mel HUS, Chairman, Sub-committee on Late Bi^ight 

111 1943 late blight forecasting was undertaken as a war service by a sub- 
committee of the ^^War Service Committee of the Upper Mississippi Valley ’ ’ 
Plant Pathologists;^ The estimated loss of 25,000,000 bushels of potatoes in 
1942 called for prompt and coordinate action of each and every State and 
Province in the region. The project received its initial impetus following 
the reading of a paper entitled ‘‘The Late Blight Outbreak of 1942 and a 
Proposed Forecasting Service” before the Iowa Vegetable Growers Associa- 
tion meeting in the fall of 1942. As a result of the proposal outlined for 
Iowa, R. J. Haskell called together representatives of different state potato 
certification agencies present to consider preparations for combatting late 
blight on a regional basis in 1943. Those present were M. B. Moore and 
A. G. Tolaas of Minnesota, R. D. Butcher of North Dakota, H. M. Darling 
of Wisconsin, E. P. Barrios of South Dakota, John McLean of Colorado, G. 
C. Kent, B. L. Waldee, and I. B. Melhus of Iowa. 

The problem of being prepared to combat late blight was considered from 
the standpoint of forecasting, spraying, and availability of spray materials. 
Everyone present was keenly interested in blight control and believed much 
would be gained through a forecasting service. The several inspection agen- 
cies present were prepared to render all possible service. 

Those present unanimously endorsed the following statement: “Because 
of the likelihood of destructive epiphytotie development of late bligbt of 
potatoes in 1943, due to the abundant and widespread distribution of inocu- 
lum in potato seed stocks, it is urged that Extension Pathologists and others 
cooperate to the fullest extent in providing for a blight development intel- 
ligence service and in preparing growers for quick and effective spraying to 
prevent a repetition of the great losses of 1942. ” 

The sub-committee was organized with representatives from each State 
and the two Prairie Provinces of Canada in the region to report the weather 
and the state of development of the late blight pathogen in their respective 
States or Provinces. These data were sent to the chairman at Ames, Iowa, 
as they became available. He, with the assistance of Mr. Hans Frey in 1943 
and Dr. Edgar F. Vestal in 1944, tabulated the data and issued the reports 
and forecasts. 

TEMPERATURE, RAINFALL, AND LATE BLIGHT PREVALANCB AND DESTRUCTIVENESS 

In figure 1 are recorded the temperature and rainfall from 1941 to 1944 
inclusive for Illinois, Indiana, Iowa, Michigan, Nebraska, North Dakota, 

1 Journal paper No. J-1296 of the Iowa Agricultural Experiment Station, Ames, Iowa, 

Poject No. 450. „ 

2 W. E. Brentzel, W. F. Buehholtz, J. H. Craigie. Carl J. Eide, W. J. Henderson, 
James H. Jensen, G. C. Kent, William A. Kreutzer, R. H. Larson, L. R. Tehon, -M. L. 
Linn, J. E. Lmngstoii, J. H. Muncie, R. C. Rose, R. W. Samson, Paul Tilford, T. G. 
Vanterpool, I. E. Melliiis, Chairman. 
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South Dakota, Minnesota, and Wisconsin. Temperature and rainfall data 
for Manitoba are not at hand, through no fault of the pathologists of that 
Province, but a report for the Province will be included. The amount of 
late blight was so small in Missouri and Kansas and the Province of Sas- 
katchewan that no attempt was made to correlate the temperature and rain- 
fall with the late blight occurrence. 


1941^ 1942 ^ 19-=? 5 ^ 1944^ . . 1D41 ,, 1942 , 1945, 1944 



Fig. 1. Monthly mean temperature and rainfall in nine States, 1941-1944. 


At the outset it should be pointed out that the available data from the 
respective States were limited; the weather records from only one station 
were used. Sometimes the chosen station was not in the potato growing 
region. In other eases the disea,se survey was very limited because no one 
was available to make the observations and there was often little uniformity 
in the records. On the other hand, in attempting to learn whether a fore- 
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easting* service could be established in a large region, the lack of extensive 
data may well have been an advantage in testing the feasibility of the under- 
taking. j 

In any event, imperfect as the records were, and granting that some mis- 
takes may have been made, it is significant to know that by using the influ- 
ence of temperature and rainfall on the development of the organism, its 
destructiveness can be predicted. i 

The line at 70° F. in figure 1 designates the temperature above which 
growing conditions were not highly favorable for the late blight organism 
in its initial stages of development. In no ease has late blight become seri- 
ously destructive where the mean temperature was above 70° in June and 
July. The 70° point was of much assistance in formulating a basis for pre- 
dictions as the reports arrived from the committee members. 

For an outbreak of late blight to develop, three conditions must be ful- 
filled : first, there must be a source of inoculum, such as infected seed pieces, 
cull piles, volunteer potatoes, etc., second, the temperature and moisture con- 
ditions must be such that the pathogen can grow and fruit, and, third, there 
must be abundant susceptible host tissue readily available. The first and 
third conditions prevail almost every season, but the second is more rare. 
The organism survives in seed in storage, is carried to the field and planted, 
or it may survive in cull piles or dump piles near villages and farms where 
potato houses are located. 

The Upper Mississippi Valley States rather readily fall into at least three 
groups with respect to temperature. The eastern section consisting of Ohio, 
Indiana, and Illinois, represented by Wooster (Station 2), Fort Wayne, and 
Freeport, respectively, form one group. The temperature in each of these 
States for the four years 1941-1944 was in general unfavorable for late 
blight. The 1942 season was probably the most favorable, and the 1944 
season the least. These three States also reported the lowest losses. 

Michigan, Wisconsin, Minnesota, North Dakota, South Dakota, and Iowa 
form another group. In these States the temperatures for the points chosen 
were much more favorable for the late blight organism. The favorable con- 
ditions were especially evident in 1942, 1943, and 1944, 

Nebraska and Coloi^ado fall into a third class because of the normally low 
rainfall and the use of irrigation for growing the majority of the crop. In 
Nebraska, it was only the early crop in the south central part of the State 
that was injured. Late blight was not found on the foliage in Colorado. 

Probably the most significant fact apparent in the study of the data from 
each State is that in spite of much favorable weather in 1943 and 1944 there 
was a general reduction in losses suffered by the potato crop in the region. 

The forecasting that was done throughout the season was based upon 
weekly weather reports but it will be observed that for the temperature and 
rainfall graphs in figure 1 and the data in table 2 monthly averages have 
been used. The use of weekly temperature and rainfall averages would 
have been desirable but would have been inconsistent witli the amount of 
space which could be allotted for that purpose. 
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The data in table 2 on the mean monthly temperatures for the four years 
show that the temperatui^es for June and September tend to be below 70° F. 
and the temperature was higher in June than in September. July was some- 


TABLE 2 . — Mean monthly temperatures for 1941 to 1944. inolusive, for June^ fl'uly, 
August, and Septemher for eleven states 


State 

Station 

Year 

Mean monthly temperature (°F.) 

June 

July 

August 

September 

Ohio 

Wooster 2 

1941 

69.6 

73.5 

69.5 

67.4 



1942 

69.8 

73.6 

70.6 

64.4 



1943 

73.6 

73.2 

71.0 

60.8 



1944 

72.8 

73.1 

72.4 

63.1 

Indiana 

Fort Wayne 

1941 

69.0 

74.25 

73.25 

68,6 



1942 

71.0 

73.75 

70.75 

63,4 



1943 

73.0 

72.75 

72.0 

59.5 



1944 

71.5 

74.5 

73.6 

65.0 

Illinois 

Freeport 

1941 

69.6 

74.0 

72.6 

66.4 



1942 

68.8 

72.6 

69.9 

60.8 



1943 

71.6 

73.7 

72.0 

58.3 



1944 

71.4 

71.0 

71.3 

64.6 

Michigan 

East Lansing 

1941 

68.1 

71.1 

68.4 

64.4 



1942 

67.0 

70.2 

67.8 

59.4 



1943 

69.6 

70.4 

68.6 

57.5 



1944 

68.4 

70.4 

71.0 

62.1 

tVisconsin 

Antigo 

1941 

66.1 

69.7 

66.0 

60.8 



1942 

63.0 

66.6 

65.7 

56.3 



1943 

66.7 

69.8 

67.4 

53.8 



1944 

65.6 

68.0 

68.4 

59,2 

Minnesota 

Albert Lea 

1941 

69.0 

73.8 

73.3 

63.6 



1942 

66.0 

70.7 

69.4 

56.9 



1943 

69.1 

73.4 

70.6 

56.8 



1944 

68.5 

69.1 

69.8 

60.6 

North Dakota 

Grand Forks 

1941 

64,8 

71.4 

66.8 

56.0 



1942 

61.8 

71.8 

67.1 

57.6 



1943 

61.1 

66.4 

65.6 

54.0 



1944 

64.2 

68.2 

66.4 

56.2 

South Dakota 

Watertown 

1941 

66.4 

72.7 

71.7 




1942 

64.4 

69.5 

68.5 

53.9 



1943 

66.3 

74.3' 

70.5 

56.3 



1944 

66.1 

69.6 

67.7 

58.3 

Iowa 

Forest City 

1941 

69.0 

73.4 

73.4 

64.6 



• 1942 

67.0 

71.1 

69.8 

58.2 



1943 

69.5 

73.4 

70.8 

57.4 



1944 

70,75 

70.75 

71.2 

64.0 

Nebraska 

Grand Island 

1941 

70.0 

77.6 

76.6 

66.0 



1942 

70.4 

78.6 

74.4 

61.4 



1943 

71.0 

79.0 

79.0 

63.6 



1944 

71.9 

76.5 

75.6 

65.6 

Colorado 

Greeley 

1941 

65.4 

72.0 

70.0 

58.6 



1942 

65.7 

73.0 

70.2 

60.0 



1943 

65.3 

75.1 

74.2 

61.2 



1944 

66.6 

71.8 

72.8 

61.7 


what warmer than August. When the temperature eonditioiis in June 
and July w^ere favorable for the development of the pathogen, 70° or below, 
the disease became prevalent. Its subsequent destructiveness is influenced 
favorably or adversely by the temperature in August. S(‘ptember was aL 
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ways siifficiently cool to permit the organism to develop freely, providing 
ample susceptible foliage existed. In other words, the conditions in June 
and July govern the initial stages of the pathogen and those in August the 
final stages. 

DEVELOPMENT OP THE PATHOGEN AND CONTROL PRACTICES 

According to the data recorded in table 1, the late blight pathogen most 
often made its first appearance in June and July except in North Dakota, 
Illinois, Indiana, and Michigan where it was most often first seen in August. 
In ail States it was recorded most prevalent in August or September except 
in Michigan where in 1944 it did not become most prevalent until October. 
The late blight disease was least destructive in 1941 and most destructive 
in 1942. In 1942 the estimated loss was about 25,586,000 bushels. In 1941 
the only State that reported more than a trace of late blight was Wisconsin 
which recorded an estimated 8 per cent. In 1943 nine States reported an 
estimated loss of about 6,164,000 bushels. Just how much the spraying and 
dusting program reduced the loss is not apparent from the data in hand, but 
the sharp increase that took place in control practices doubtless had a strong 
retarding effect on the development of the pathogen. 

The losses in 1944 ranged from a trace to 10 to 15 per cent. The only 
States that experienced important losses were Wisconsin with 12 per cent, 
Minnesota with 10 to 15 per cent, and North Dakota with one per cent foliage 
loss and 5 per cent tuber rot. It is impossible to convert these losses for 
1944 into bushels because yield data are not at hand, but it is probable that 
the loss from late blight over the region in 1944 was considerably less than 
in 1942. 

The most significant result aiiparent in the data shown in table 1 was the 
increase in control practices. In most of these States there was a sharp in- 
crease when 1941 and 1942 are contrasted with 1943 and 1944. The number 
of dusters and sprayers doubled (600 to 1,200) in four years in North 
Dakota. The increase in machines was sharply upward also in several of 
the other States, as Wisconsin, Minnesota, Michigan, Iowa, and Nebraska. 
In Minnesota, six airplane dusters w^ere in operation in 1944. 

The amount of copper sold in different forms seemed to increase from 
year to year but tliis probably is a less reliable criterion of the control effort 
than the number of sprayers and dusters. In most cases it was difficult to 
obtain complete information relating to the amount of fungicide used. 

This vigorous effort in combatting the late blight pathogen in the region, 
without doubt, materially retarded the organism in 1943 and 1944 and re- 
sulted in the saving of several million bushels of potatoes. 

Ohio 

The choice of data that would represent a typical Ohio potato region was 
tlifficult because there were a number of rather widely separated areas in 
wliich potatoes -were grown. Obviously the weather data of all sections 
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could not be graphically shown. Wooster was chosen because it probably 
represents one of the largest potato growing areas and also because there 
are two weather recording stations. The temperature and rainfall data for 
Stations 1 and 2 were somewhat different. Station 2 recorded the tempera- 
ture about 2 degrees higher than Station 1 throughout the four-month period 
under consideration. Station 2, recording the higher teniperatures, will be 
used in this study. 

There was only a trace of late blight in 1941. The temperature during 
June, July, and August was probably too high to permit abundant develop- 
ment of the pathogen since it was approximately 70° F. or above for the 
entire period. ^ 

111 1942 the late blight loss was recorded as 5 per cent although the tem- 
perature eohdition was approximately the same for June, July, and August 
as in 1941 (1942 temperatures were less than a degree higher than 1941) 
when only a trace of late blight was observed. It is significant that the rain- 
fall was much lower in 1942 than in the previous year. 

In 1943 and 1944 only a trace of late blight was observed in the State. 
The temperatures for the first three months of the growung season of each 
year were too high to permit extensive development of the pathogen. 

Indiana 

Late blight was not recorded in Indiana in 1941. The temperatures for 
June, July, August, and September for the Fort Wayne region were 69.0°, 
74.25°, 73.25° and 68.6° P., respectively, which means that for most of the 
time the temperature was near or above the maximum for the development 
of the late blight pathogen. During the same months the rainfall was + 0.08 
inches above and -- 1.76, - 0.60, and -2.64 inches, respectively, below the nor- 
mal. The stations at Indianapolis, Terre Haute, and Evansville recorded 
higher temperatures than the one at Fort Wayne, with the rainfall about 
the same. Hence the weather for this portion of the State w>is probably too 
warm and dry for the late blight organism. 

Eecords for 1942 present a picture different from that for 1941. Late 
blight was reported in the northern part of the State in late August and 
was most prevalent in the early part of September. The mean temperatures 
for June, July, August, and September were 71°, 73.75°, 70.75° and 63.4° P., 
respectively. The continuous high temepratures for the first three months 
of the growing season were not favorable for the extensive development of 
the pathogen, although the rainfall was above normal during this period. 

In 1943 late blight also occurred, but the injury to the crop was slight. 
The disease was most prevalent in September, with an estimated loss of 0.2 
per cent (Plant Disease Reporter Supplement 147, p. 177, 1944). The mean 
temperatoes for June, July, and August were 73.0°, 72.75° and 72.0° F. 
The September temperature dropped to 59.5°. The rainfall in June, July, 
and August w^as-1.01, +0.97, and +0.57 inclies, respectively. 

No late blight w^as found in 1944. The temperature during the first three 
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growing months was continuously above 70° P. The rainfall was below 
normal during June and July, slightly above in August, and -2.1 inches in 
September. The high temperature and generally low rainf^ill prevented 
the development of the late blight organism. 

Illinois 

Late blight was not observed in Illinois in 1941. The temperatures at 
Freeport for June, July, August, and September were 69.6°, 74.0°, 72.6° 
and 66.4° P., respectively. The temperatures for the first three months, 
especially July and August, 'were sufficiently high to inhibit the growth of 
the pathogen. During the same months the rainfall was + 0.08 inches above 
normal for June but below normal for the balance of the season. The high 
temperature and low rainfall undoubtedly prevented the late blight organ- 
ism from developing. 

The first reported occurrence of late blight in 1942 was in August. The 
estimated loss was reported as greater than in 1943 (the loss in 1943 was 
reported as 2.9 per cent) . It is reported that late blight was most prevalent 
during the first half of September. The temperature in June, August, and 
September was below 70° F., while in July it was 72.6°. The rainfall in 
July and August was above normal and in June and September, below. The 
favorable temperature in August and September, coupled with deficient 
rainfall for the same period, permitted a limited development of the patho- 
gen. 

In 1943 the disease was first reported in August and was most prevalent 
in the first half of September. The temperature was high (above 70° F.) 
during the first three months and very low in September (58.3°, which was 
5.0° below normal). The rainfall fluctuated from above to below normal in 
alternating months, beginning with a +2.53 inches above normal in June. 
The temperature range for the season was unfavorable for the development 
of the pathogen, except in September. 

In 1944, there was only a trace (estimated 0.8 per cent) of late blight, 
which was first reported in late August. The mean temperature for the first 
three months was approximately 71° F., dropping to 64.6° in September. 
The rainfall was high in July (+1.08 inches) and below normal in June, 
August, and September. The weather conditions were most favorable for 
the development of the late blight organism at Freeport, Illinois, in 1944. 

Michigan 

Late blight occurred in Michigan in each of the years 1941 through 1944. 
Bast Lansing weather data for 1941 (Fig. 1) show the temperature for June, 
August, and September to be below 70° P. Rainfall for the same three 
months was above normal. Temperature in Northern Michigan (Onaway) 
was slightly lower than at Bast Lansing with approximately the same amount 
of rainfall. July was warm and dry in both regions. In Western Michigan 
(Ironwood) the temperature was approximately that of Onaway, but rain- 
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fall in July was heavier. The first late bligiit found in 1941 was in Emmet 
County, about 50 miles west of Onaway. 

In 1942 the South-central Michigan weather was somewhat more favor- 
able for late blight than 1941, The temperature during June and July was 
67.0'^ and 70.2° F., respectiveh", with rainfall above normah for July. Tem- 
perature at Onaway was 3 to 4 degrees lower but there was less rainfall. 
Western Michigan temperature was about the same as that of the northern 
part of the State, but there was much more rainfall. For example, Iron- 
wood received 10.12 inches in July; Iron Mountain 5.92 inches, compared to 
4.33 inches at Bast Lansing. Late blight was first reported in Northern 
Michigan (point not specified) August 12. The total loss for the State was 
estimated as one per cent. 

In 1943 East Lansing temperatures were 70° F. or below for the summer, 
except for a July mean of 70.4°, with June and July wet. Northern Michi- 
gan temperatures were 3 to 4 degrees lower on the average, but with lower 
rainfall for June and July. Somewhat more rain fell in Northern Michigan 
during August and September than in the East Lansing area. Western 
Michigan was a little warmer than Northern Michigan, with more rainfall 
during June, July, and August. The first report of late blight wtis July 9 
in Western Michigan in Menominee County. This early occurrence would 
be expected, as weather for June and July was more favorable for late blight 
in Western Michigan than near East Lansing. Loss for the season was esti- 
mated at a trace. 

In 1944 the weather for the State was somewhat more uniform than 
in the two previous seasons. Late blight was first reported in Houghton 
County, Western Michigan, on August 25. Dr. Muncie reported as follow\s: 
'L . . late blight in August and with continued precipitation beginning 
early in the month with high da,y temperatures and cool night temperatures 
late blight became established and caused considerable damage before the 
crop was harvested in late October.^’ Late blight appeared in Presque Isle 
County in September and October. The loss to the Michigan crop was less 
than one per cent. 

It may well be that the vigorous control program carried on every year 
in Michigan materially retards the development of the pathogen, especially 
when the temperature in June and July is below the maximum for the devel- 
opment of the parasite. The mean temperature for July was always slightly 
above 70° F. Michigan growers operate 3,500 to 4,000 sprayers and dusters. 

Wisconsin 

Late blight was destructive in Wisconsin from 1941 to 1944 inclusive. 
The loss, estimated at 4 per cent, in 1941 was less than for any of the three 
following years. The disease was first reported August 23 on the late crop 
in Waupaca County. 

The monthly mean temperatures at Antigo for June, July, August, and 
September of 1941 were 66.1°, 69.70°, 66°, and 60.8° respectively. The 
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rainfall in June and July was low, —2.74 inches and —2.13 inches below 
normal, M^iile in August and September the rainfall was 4 - 8.77 and 2.97 
inches above normal. The unusually low rainfall in June and July may 
well have retarded the development of the pathogen. 

The late blight losses in 1942 were high, estimated at 20 per cent in the 
field and 5 per cent in storage. This loss was over five times that in 1941. 
The disease was reported in the State about two months earlier in 1942 than 
ill 1941, which meant the pathogen probably had a much longer period in 
which to develop- It was most prevalent and destructive in late August. 
The temperature during the growing season was prevailingly lower than in 
1941 for June to September, being 63.0°, 66.6°, 65.7°, and 56.3° P., respec- 
tively, and the rainfall higher during the early part of the season, being 
only -0.52 and -0.25 below normal for June and July. It should be em- 
phasized that the mean temperature throughout the season was very favor- 
able for the development of the pathogen. 

Thei-e was only a 5 per cent loss in the field and about a 6 per cent loss 
in storage in 1943. The field losses were much less than in 1942, but the 
storage rot losses were about equal. The disease was first reported on June 
6 in Langlade County on the late potato crop. The disease was most preva- 
lent in late August and early September. The temperatures for June, July, 
and August were -h 2.8°, +1.3°, and +1.9° above normal. On the other 
hand, September was cool, with - 4,5° below normal. The rainfall wns above 
normal during the first three months and below in September. The tem- 
perature conditions in 1943 were much like those of 1941, being less favor- 
able for the pathogen during the first three months of the growing season 
than during the same period of 1942. The late blight losses were estimated 
at 4 and 5 per cent for 1941 and 1943, respectively. 

In 1944 the late blight estimated loss was only 2 per cent in the field, 
but much higher in storage, estimated at 10 per cent. The disease was first 
reported June 11 in Langlade County, but it became prevalent only in Sep- 
tember at about harvesting time. The temperature for the first three months 
was somewhat higher than 1942 and lower than 1943. It was significant that 
the August temperature w^as higher than for any of the three previous years. 
The i*ainfall was low^ in July (-1.4 inches), high in August (+3.5 inches), 
and low in September (~ 1.26 inches) . The temperature curves for 1942 
and 1944 parallel one another with only about a degree difference, conditions 
that certainly were favorable for the development of the pathogen through- 
out the season. It is believed that the vigorous control program in effect in 
1944 may w^ell have saved thousands of bushels of potatoes. 

Minnesota 

The potato growing areas of Minnesota are rather widely separated and 
for this reason no one station ^s w^eather data can be used to represent the 
State as a wiiole. In this report the temperature and rainfall recorded for 
Albert Lea w^ere selected since the Bed River Valley area could be considered 
with the North Dakota conditions. 
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In 1941 the temperature during* June was favorable for the development 
of late blight pathogen around Albert Lea. In the Red River Talley the 
temperature and rainfall were favorable during June. The first late blight 
was reported at Brooklyn Center on July 18, but no estimated loss for the 
State is available. 

In 1942 the weather at Albert Lea was even more favorable for late 
blight. In the Red River Talley there was generally heavy rain, with the 
mean monthly temperature below 70° F. during June, August, and Septem- 
ber and only 0.7° above in July, The first late blight was repox'ted at Hol- 
landale, near Albert Lea. Late blight apparently was general in the State 
because the estimated loss for the State was 30 per cent. 

The temperature was in general less favorable for late blight in 1943 than 
in 1942. There was less rain in the vicinity of Moorhead and Crookston in 
the Red River Talley than in the Hollandale area for the same periods, but 
tfiere w^as enough rain to provide favorable conditions for the pathogen and 
some late blight occurred, although the date of first appearance is not avail- 
able. Loss for the State during 1943 was estimated at 3 per cent. 

In 1944 the weather at Hollandale was favorable for late blight for much 
of the season. The temperature was low during June, July, and August 
with ample rainfall. At Crookston the temperature was below 70° F. for 
much of the time but the rainfall was also low. The late blight pathogen 
was first reported in cull piles at Hollandale but the first field report was at 
East Grand Forks, July 9, about 200 miles north. The estimated crop loss 
for the season was between 10 and 15 per cent. 

It should be pointed out that in 1941 and 1943 the temperatures were 
higher during June, July, and August than during the same months of 1942 
and 1944 (monthly mean temperatures at Albert Lea). The estimated late 
blight loss was much less in 1941 and 1943 than in 1942 and 1944. 

North Dakota 

The temperature and rainfall records at Grand Forks for the four years 
for North Dakota are in figure 1. The loss in 1941 was recorded as only a 
trace. The temperature was unfavorable in July but favorable in August 
and September. 

In 1942 the loss was serious, amounting to 25 per cent of the crop. The 
first report of blight occurrence was on August 5 in Grand Forks County 
and later it W'as reported in Waleh, Sargent, and Richland counties in the 
Red River Talley. The temperature was favorabh^ throughout the growung 
season. The only month when the temperature was at all unfavorable was 
July wheii it w^as above the maximum. The rainfall was below normal in 
June, July, and September, but above normal in August. 

The temperature was generally lower in 1943 than in either 1941 or 
1942. The rainfall was very low in August and September, but it was above 
normal in July. Late blight was first observed on August 10 and was esti- 
mated to liave caused a 5 per cent loss. It is believed that the very dry 
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condition in the last half of the growing season adversely infiiieiiced the 
development of the late blight organism. 

The weather conditions in 1944 were very different from those in 1943. 
Instead of being dry during the last half of the season it was very wet. 
The rainfall in Aiignst was 12.16 inches. The temperature wms favorable 
throughout the growing season and late blight 'was prevalent begiiiniiig 
August 2 in Waleh, August 8 in Thraill, August 11 in Cass, and August 23 
in Pembina counties. The estimated loss was one per cent on the foliage 
and 5 per cent in storage. Dr. Bi^entzel advised by letter that, because of 
severe hopper damage, most of the vines in these areas were dead and dried 
by the time the heavy rains fell in August, thus the lack of abundant suscep- 
tible foliage prevented the occurrence of a late blight epiphytotic. 

South Dakota 

Late blight oecuiTed in South Dakota in 1942 and 1943, but not in 1941 
and 1944. The temperature at Watertown in July and August was dis- 
tinctly unfavorable in 1941. The same can be said of the rainfall for these 
two months. 

In 1942 the temperature was generally below 70° F. and late blight 
occurred in destructive form in the State. It was estimated that the loss for 
the State 'was 30 per cent. The disease was first discovered in Deuel and 
Brookings counties on July 27. 

The weather for the growing season in 1943 was warmer than in 1942. 
The temperature was unfavorable for the development of the late blight 
pathogen in July and August, with the August mean only +0.5° above the 
maximum for the pathogen. In spite of this unfavorable temperature 
period, considerable late blight occurred. The loss was estimated at about 
13 per cent. 

The 1944 season was much like 1942 from the standpoint of temperature 
and rainfall. The mean temperature throughout the growing season was 
below 70° F. in each year. The rainfall in 1944 was low in June and eJuly 
and only slightly above normal for August and September. The late blight 
loss was, according to estimates, only a trace for this season. The difference 
in the development of the late blight pathogen in 1942 and 1944 may have 
been due to the dry June and July in 1944 which prevented the initial devel- 
opment of the pathogen in the potato fields. 

Iowa 

Late blight has appeared in Iowa in each of the last four years. In 1941 
late blight was not observed until in September, when it was collected on 
tubers in two different counties. Data in hand for 1941 indicate that late 
blight was neither prevalent nor destructive. The temperature for 1941 
during July, August, and the early part of September was above that per- 
mitting rapid development of the pathogen. The last half of September, 
on the otlun- hand, was below 70° F. and favorable for the development of 
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the pathogen. This unfavorable temperature condition for July and August 
probably explains why only a small amount of late blight was present in 

1941. The rainfall in these two months was low (July +1.1 inches and 
August - 2.2 inches) while in September (+ 3.4 inches) it was high. 

In 1942 the late blight picture and the temperature and rainfall eondi- 
tions were markedly different from those in 1941. Late blight was preva- 
lent and destructive In fact, it was estimated that 33 per cent of the 

potato crop was destroyed. The disease was first found on July 9. The 
temperature was below 70° F. in June, August, and September, and in July 
it was only slightly above. The rainfall was rather low throughout the wdiole 
period. There was, however, enough rainfall so that the crop never suffered 
from lack of moisture. This is apparent in that, in spite of the heavy late 
blight loss, Iowa produced 120 bushels per acre. 

The estimated crop loss in 1943 was 16 per cent, about half of that in 

1942. The temperature during June, July, and August was higher than in 
1942 and July was 3.4 degrees above the maximum for the development of 
the pathogen. SeiDtember was cool with little rainfall. Late blight was fir>st 
found on July 23, about two weeks later than in 1942, and the disease vcas 
most prevalent on the vines in late August. 

There was less late blight in 1944 than in either 1942 or 1943. The loss 
in 1944 was estimated as only one per cent. The temperature during June, 
July, and August was just above the maximum for the development of the 
pathogen. The temperature conditions in 1944 were more like those in 1941 
than either 1942 or 1943. The rainfall was generally high throughout all 
four months. 

The late blight disease during 1941 to 1944 inclusive was most destructive 
in 1942 and. 1943 and least in 1941 and 1944. When the temperature was 
generally above 70° F. the pathogen was much less destructive than when 
it w^as below. The rainfall was lowest in 1942 and highest in 1944. There 
seemed to be little relation between rainfall and the prevalence and destruc- 
tiveness of the late blight pathogen. 

Nebraska 

Late blight was not observed in Nebraska in 1941, although the tempera- 
ture and rainfall conditions were favorable in June for the development 
of the pathogen on the early crop. An early crop, grown in the vicinity of 
Grand Island, is normally harvested in July. 

In 1942 late blight was observed at Wood River, near Grand Island, in 
Hall County, on June 21 on the early crop. The mean temperature for 
June was 70.4° F. and the rainfall was 7.7 inches. This condition of below 
normal temperature (-1.6°) and above normal rainfall ( i 3.65 inches) was 
favorable for the limited development of the pathogen on the early crop. 

The mean temperature in June of 1943 was 0.6° higher than 1942 and 
the amoinit of late blight was 5 per cent, some higher than in the previous 
yeai*. The disease was most prevalent about the middle of July, at 
harvest time. 
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The weather condition in June, 1944, was much like that in 1942. The 
temperature was 71.9*^ P. and the rainfall 5.44 inches. The late blight 
disease was very limited, a trace having* been observed on August 5 in only 
one field at Cozad in Dawson County, about 75 miles west of Grand Island. 

In Nebraska the late blight situation was very diiferent from that in 
most other States in the region, because only the early potato crop on 
mineral soil was diseased. Therefore, it is only the weather condition in 
the earlier part of the growing season, May and June, that influences the 
development of the pathogen and the regional forecasting service would not 
operate early enough to serve that area effectively. 

Manifoha 

In the absence of temperature data for the Province of Manitoba, no 
attempt will be made to correlate the temperature and late blight prevalence. 
The following extract from a report by Dr. J. E. Machacek is an excellent 
summary of the prevalence and destructiveness of late blight in Manitoba 
during the four years under consideration: 

'^In 1941, late blight appeared in Manitoba for the first time since 1928. 
Kainfall was extremely heavy from August 15 to September 30 with but 
very little sunshine and many potato fields were covered almost continu- 
ously with water. The greatest losses occurred north of Winnipeg but the 
disease apparently did not spread very far from the vicinity of this city. 
Early varieties, such as Warba, escaped tuber infection, but in later varie- 
ties, such as Irish Cobbler, as much as 7.5 per cent of the tubers in a field 
were infected. 

^^In 1942, late blight was again prevalent in the Eed Eiver Valley around 
Winnipeg and in some fields it was severe. The extent of tuber-rotting was; 
difficult to determine because early, severe frost damaged a considerable 
percentage of undug tubers in September and the occurrence of secondary 
rots obscured decay from the late blight fungus. In general, the weather 
during late summer was similar to that in 1941. 

''Poliowing a moist, cool July, in 1943, late blight appeared in the Win- 
nipeg area during the early part of August, and spread rapidly for a fe^v 
days. Its progress was cheeked toward the end of August and in September 
by a period of dry weather. Severe tuber-rotting occurred, however, in some 
areas north of Winnipeg, and some damage occiiri*ed in western and north- 
western Manitoba in fields 150 to 200 miles from Winnipeg. 

"In 1944, the weather was very moist and moderately w^arm during June,, 
Jidy, and August. Late blight was first found in the Winnipeg area in a 
Victory Garden on Jxdy 15 and within a few days it could be found with 
ease in most of southern Manitoba. By September, the disease had done so- 
much damage that a great many fields were left unharvested. During 
autumn and winter, rotting tubers were received from practically all agri- 
cultural portions of the Province, and also occurred frequently in tubers 
sold in Winnipeg by retail grocers. The severity of the late blight epidemic 
in 1944 appeared to be the greatest in the history of the Province. 
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^‘Tlie rapid spread of the disease in Manitoba from 1941 to 1944 can be 
attributed to three principal factors: (1) the unusually moist weather, 
(2) the unfamiliarity of Manitoba potato growers with the disease during ^ 
1941 and 1942, and (3) the current unavailability of spraying materials 
and equipment.’^ 

FORECASTING LATE BLIGHT 

Keports from the Sub-committee of the War Service Committee of the 
Upper Mississippi Valley Plant Pathologists were sent to the chairman at 
weekly intervals and the data compiled and sent out to pathologists and 
others interested in potato growing*. 

Ill some of the States, seed infected with Phytophthora was actually 
plcinted so as to afford information on the time of occurrence of the disease. 
In most cases, however, the development of the pathogen was watched in 
field plantings and on cull piles near warehouses and on dump piles on the 
outskirts of towns and villages. The following are a few of the forecasts 
that were made for 1943. The first forecast to the committee for distribu- 
tion and use was on June 17, with eight States reporting : North Dakota, 
Michigan, Wisconsin, Minnesota, Nebraska, South Dakota, Colorado, and 
Iowa. The forecast was as follows : 

^‘From the standpoint of moisture and temperature, the conditions seem 
generally to be favorable for the development of the early stages of an out- 
break of late blight. In two States the organism has been found fruiting 
in late gardens and dump heaps. Barring a very sharp and sudden rise in 
temperature and drop in rainfall for Iowa, late blight will appear in our 
fields in Early July,’' 

Late blight was found on July 23. The area of vines diseased in the 
two fields where the disease was first found already comprised several acres, 
so it is safe to assume that the initial stages of the spread of the pathogen 
existed from two to three weeks earlier. The forecast on June 17 came true. 

The following week, June 26, this forecast was formulated from tlie data 
from the same eight States that reported on June 17 : 

^^The late blight organism is developing true to form, and has made 
a beginning in several places. Information in hand justifies tlie prediction 
that the early stages of foci of infection exist. Only a sharp rise in the 
temperature can stop the organism’s increase and spread. Fortunately, 
the temperature during the past two wrecks has been generally upward. 
Watch the temperature, it is much more damaging to the organism than 
rainfall.” 

The next announcement was made on July 19, based on the data supplied 
by Iowa, South Dakota, Minnesota, Wisconsin, Nebraska, and Michigan. 
The forecast was as follows: 

''The over-all picture is still dark, and conditions are favorable for an 
epiphytotie over most of the Upper Mississippi Valley. The only bright 
spots that developed in the first half of July were the high temperatures 
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in South Dakota and Minnesota. In spite of all this it should be emphasized 
that a couple of weeks of favorable weather now can induce a widespread 
epiphvtotic. The vines are beginning* to close the ro\vs, affording shade and 
slow evaporation, conditions that favor Phytophthora. The only safe thing 
to do is to keep the sprayers going. If the vines need protection from the 
tractor wheels, buy or devise vine lifters and keep going.” 

On July 27 came this warning: ‘^The situation will be serious if a few 
cool days come. Present weather conditions are hot and dry. With late 
blight present in fields in North Central lovra and the weather such as it is 
in that area, potato districts further north, including the States of Minne- 
sota, Wisconsin, and the Dakotas, are liable to late blight losses unless the 
temperature rises very sharply and remains well above normal for the 
balance of the growing season.” 

North Dakota, South Dakota, Minnesota, and Wisconsin experienced 
the expected losses. The late blight disease even occurred in the Canadian 
provinces, although not in destructive form, except in Manitoba. 

The last forecast for the season was disseminated on August 4 and reads : 
'Mf we can avoid late blight losses we will harvest the biggest crop produced 
during the last two decades. The early potato crop wull be marketed with 
little loss from late blight, but this will not be true of the late crop. Our 
early crop always escapes. It is now clear that late blight will do consider- 
able damage to the foliage as the season advances and there will be con- 
siderable tuber rot \inless the weather turns hot and dry right away. The 
potato crop in most areas was planted later than usual, which means that it 
will go into the fall in a vigorous growing condition with lots of foliage, 
affording an opportunity for a large spore load to sift dowm into the soil. 
No amount of spraying can stop this.” 

The data in table 1 show the following losses in percentage of each 
State’s crop: South Dakota 13, North Dakota 5, Nebraska 5, low^a 16, Min- 
nesota 3, Wisconsin 11, Illinois 2.9. The forecast of August 4 came true. 
The basis of the forecast wms the favorable weather for the development of 
the pathogen in June and July. 

In 1944 the first forecast was issued on June 5 and read as follows: 

Every indication at the present tells us to keep a ‘weather eye’ on the late 
blight situation.” The prediction of June 5 was strongly supported in the 
communication of June 26: “Weather conditions have again been favorable 
for the development of Phytopliihora infestans. The temperature was 
slightly above normal except in North Dakota. The rainfall, on the other 
hand, wus low except in Illinois, Wisconsin, Minnesota, and South Dakota. ” 

By July 17 the late blight picture was well outlined, as manifested hy 
this statement : “By this time it is perfectly clear to all of us that late blight 
if conditions remain favorable, will cause heavy losses in potatoes that are 
not sprayed. Fortunately through the splendid wnrk that has been done 
inuch spraying has been and is being done. I predict little damage gen- 
erally in the intensive potato growdng regions.” 
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On July 24 came another reminder to the effect that we must not relax 
our vigilance for there is >still time for the pathogen to cause serious loss/^ 

The situation as. of August 14 was as follows: ‘'This season has been an 
extremely interesting one from the standpoint of late blight. You will recall 
we started the season with the pathogen general in our seed, which explains 
the ‘popping iip^ of local epiphytoties in the field from Ohio to Nebraska and 
from Iowa to Manitoba. Except that the temperature remained close to the 
upper limit for the development of the late blight organism, we would have 
experienced a bigger fight in protecting our crop.’’ 

The forecast of July 17 was boime out by the f ollowdiig losses : in ‘Wis- 
consin 12 per cent, Minnesota 10 to 15 per cent, North Dakota, on the vines 
one per cent and on the tubers 5 per cent. Favorable temperatures in June 
and July in the States named w^as the basis for the forecast. 

CONCLUSION 

Thus, in conclusion, it is possible to summarize by stating that, given the 
weekly temperature and rainfall of the potato growing areas and assuming 
that sources of inoculum exist near the potato fields, one can rather acexx- 
rately predict the prevalence and destructiveness of the late blight pathogen 
throxighout the growing season. 


PHYTOPATHOLOGICAL NOTES 

A Diplodia Associated with Concealed Damage in Peanuts. — Concealed 
damage is the name given to an internal deterioration of peanut seed. In the 
early stages of the disease there is a small dirty white to light yellow spot 
on the inner face of the cotyledon. As the disease progresses the discolor- 
ation becomes more pronounced until the entire embryo is blackened and 
thoroughly permeated with fungal hyphae, and the cotyledons become 
rancid. A dense mycelial mat often is between the cotyledons. Only in the 
last stages of deterioration is the damage evident in unbroken seeds. 

The cause of the disease has not been conclusively established. Higgins^ 
isolated Ehizootoniaj Penicillimmj BhkopuSy and Sclerotium bataiicola from 
seeds with concealed damage and concluded that these soil-inhabitating 
fungi were responsible for the disease. Results obtained during the fall of 
1944 at the Alabama Agricultural Experiment Station do not support this 
conclusion. 

Samples of peanuts were collected from twelve widely separated fields 
throughout the principal peanut-growing region of Southeast Alabama. All 
seeds having concealed damage were separated from each sample for isola- 
tion of the associated microflora. Disinfecting solutions used were 1-1,000 
mercuric chloride, silver nitrate, and 0.5 per cent sodium hypochlorite. 
Potato-dextrose agar acidified with lactic acid, beef-extract agar, and 
Czapek's solution agar were used to provide media varying in nutrients and 
hydrogen ion concentrations. Over 1,200 seeds from the twelve samples 
have been studied. 

Regardless of the method of sterilization or the medium used, the pre- 
dominant organism obtained was a Di-plodia.'^ This fungus was obtained 
from 65 per cent of all seeds plated and constituted approximately 95 per 
cent of all isolates. Other fungi obtained (5 per cent of the isolates) were 
Sclerotium bataiicola, Fusarium spp., Aspergillus, PenicilUttm, and Bhi- 
zopus; and bacteria also were isolated. 

The frequency with which this Diplodia is recovered from damaged seed 
is strong evidence that it is associated with the disease. — Coyt Wilson, Ala- 
bama Agricultural Experiment Station, Auburn, Alabama. 

Galls on the Boots of Ciiron-Waternielon Hybrids. — During the course 
of studies on the Fusarium wilt disease of watermelons at Leesburg, Florida, 
it was a routine procedure to pull all plants at the end of the season and ob- 
serve Fusarium wilt injury on the roots. Included in the 1934 trials were 
several Fi hybrids from crosses of watermelons on three strains of African 
citron obtained from the Iowa Agricultural Experiment Station. When 
these plants were pulled peculiar galls were observed on the roots of many 

B. B. ^K^oiicealed Damage of niimer peaimts. Georgia. Agr. Exp. Sta. 
Press Bui. 536. 1944. 

‘^Tentatively ideutifiecl as Diplodia theobwnae (Pat.) Nowell, Ly Dr. J. A. Stev- 
enson, P^nited States Department of Agrieulture. 
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of them, particularly on tliose of three hybrids designated as 427, 430b, and 
431. There were no plants of the citron parents in the field, but similar 
structures were observed later in the same year on the roots of volunteer 
citron plants on the Experiment Station Farm at Gainesville. Galls were 
observed on the citron hybrids again in 1935, which was the last year they 
were i)lanted and none of the galls have been observed since that year. 
Since these galls were entirely different in appearance from galls induced 
by nematodes or the crown-gall organism, the observations on them are 
recorded here. 


The galls were most evident on the larger roots but they were also ob- 
served on the smaller ones. There was no swelling of the large roots on 
which the galls occurred, and the growths appeared to be appended to the 
roots by definite stalks which on the larger galls were comparatively incon- 
spicuous. It is possible that these pedicel-like structures were merely por- 
tions of small lateral rootlets. In any event, this characteristic of the galls 
was a distinct point of difference from the galls induced either by Bacterium 
tumefaciens Smith and Towns, or by the root-knot nema, Heterodera manoni 
(Cornu) Goodey. 

The galls in the early stages of development were glistening white. This 
character wms less conspicuous later, though still apparent between the fine 
uetAvork of growth cracks that covered the surface of the older growths. In 


Fig. 1. 
of gall. 


Boots of citron-watermeloii hybrid showing variatians in the unusual type 
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somewliat larger galls the surface became darkened and slightly scurfy, 
sloughing off to again expose the fresh sub-surface region of active growth. 
The largest galls were inclined to be tnberculate and divided, apparently as 
a result of the irregular enlargement of limited portions of the surface of the 
growth. This often resulted in a dense cauliflower-like structure that is 
evident in some of the galls shown in figure 1. Another characteristic of 
some of the growths was the proliferation of roots around the gall. 

Bacteria were numerous in intercellular pockets throughout the super- 
ficial layers of the galls. Occasionally nematodes were observed but not 
consistently or abundantly enough to suggest a causal relationship. A single 
inoculation series was carried out with cultures of bacteria isolated from the 
galls, but because galls appeared on the cheek plants as well as on those that 
had been inoculated the test w^as of no value and opportunity for further 
wpi^k has never arisen. — M. N. Walker, Florida Agricultural Experiment 
Station, Gainesville, Florida. 


EEPORT OF THE SECOND ANNUAL MEETING OP THE POTOMAC 
DIVISION OP THE AMERICAN PHYTOPATHOLOGICAL 

SOCIETY 

The second annual meeting of the Potomac Division of the American 
Phytopathologieal Society was held February 20 and 21, 1945, at the Plant 
Industry Station, Beltsville, Maryland. Officers elected for 1945 were T. P. 
Maims, President; E. E. Clayton, Vice-President; V. P. Tapke, Secretai-y- 
Treasurer ; and R. J. Haskell, Councilor. Plans are going forward for a 
one-day field meeting at the Plant Industry Station during the latter part 
' of August. 

ABSTEACTS OP PAPEES PEESENTED AT THE SECOND ANNEAL 
MEETING OF THE POTOMAC DIVISION 

Light and Composition of Media as Factors Inducing Sporulation in Strains of Alter- 
naria solanL Beecher, F. S. The fungus, Alternaria solani, which attacks both tomatoes 
and potatoes, ordinarily sporulates only sparingly, if at all, in artificial cultures. Various 
workers have induced sporulation by wounding, by scraping, or by irradiation of cultures 
with ultra-violet light. Considering light as a possible* essential factor, closed Petri-plate 
cultures were exposed to various types of illumination. Sunlight in the greenhouse gave 
fair sporulation on some media, but was too variable and the heat often too intense. A 
300-watt Mazda lamp was without effect. Twenty-four-hour exposure, close to a 3- tube 
(40 w’atts each) fluorescent lamp, gave moderate sporulation. Six- to eight-day-old 
cultures, irradiated under an S~1 sun lamp for 30 minutes or longer at a distance of 
30 to 32 inches, sporulated abundantly, especially on bran-extract medium (1 oz. of bran 
per 1., boiled 10 or 15 min., strained and decanted ,* 10 ec. per 1. of a 5-per cent solution 
of ferric chloride; 2 per cent of agar). This extract, alone or combined with juice of 
green or ripe tomato fruits, gave varying results with different strains of A. solanL Plates 
kept in darkness showed no sporulation, except in rare instances. Alternaria tomato gave 
little if any response to irradiation, but eventually sporulated slowly in the laboratory 
in light or darkness. (Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Besearch Administra- 
tion, IT. S. Department of Agriculture.) 

Chemical Soil Treatments for Disease and Weed Control in Tobacco Plant Beds. 
Clayton, E. E., J. G. Gaines, T. E. Smith, and T. W. Graham, Treatments -with uramon 
(urea), 1 to 1^ pounds per square yard, were effective against weeds, black root rot, and 
root knot. Cyanamid (calcium cyanamide) was effective against weeds but not against 
black root rot or root knot. Chemicals were applied September-November, and tobacco 
seed was sown the following January-March. Among other materials tested, D-D mixture 
gave excellent root knot control but did not destroy weeds or black root rot. The best 
chemical treatment in 1944 was 1 pound of uramon and i pound of cyanamid per square 
yard. This gave 95 per cent weed control, excellent root knot control, and an average of 
21 transplants per square foot. The corresponding yields of plants from uramon and 
cyanamid used alone were 13 and 15. The better chemical treatments have been superior 
to steam sterilization with respect to disease control and yield of plants, and inferior wfith 
respect to weed control. Best results with chemical treatments have been obtained on 
light, sandy soils. 

Pre-storage Treatments for Seed Sweetpotatoes. Cox, Carroll E., and W. F- Jef- 
fers. Maryland Golden sweetpotatoes were treated before curing and storage for the 
purpose of reducing losses from decay and preventing spread of diseases during storage. 
Immediately after digging, potatoes were washed in water and dipx)ed one minute in 4-oz.- 
per-gallon solutions of borax, Spergon, and calcium propionate (Myeoban) ; the same 
materials in five jier cent colloidal silica suspension; and the silica suspension alone. 
Both washed and unwashed potatoes were included as checks. The potatoes were cured 
for 12 days at 75-78° F. and a relative humidity of 95-99 per cent and stored at 55-60° 
F. and a relative humidity of 80-85 per cent. Loss in weight and percentage of rot -were 
determined soon after curing and again after 3 months' storage. Sweetpotatoes tr(‘ated 
with borax, borax and silica suspension, and calcium propionate lost significantly more 
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weight find coiitamed a higher pereentage of rotted potatoes than those treated ‘with 
Spergon, Spergon and silica suspension, silica suspension alone, or either of the checks. 
None of the treatments significantly controlled storage rots. When bedded Spergon- 
treated potatoes produced sproute several days earlier than other treatments. 

Thielmia terrieola from Cotton Fabric and from Soils, Diehl, William W. 
Thielama terrieola, hitherto with no known conidial stage, is shown to bear amerosporous 
conidia on germ tubes shortly after germination of the ascosp ores, but no conidia have 
been detected in older cultures. The history of the fungus, as shown by specimens and 
by cultures isolated from soils, from plant roots, and from deteriorated cotton fabrics, 
reveals a wide distribution in nature. These records, together with the fact that in pure 
eultiim TMelavia terrieola grows vigorously and fruits abundantly when obtaining its sole 
carbohydrate nutrition from cellulose, indicate that it is a normal soil organism, capable 
under favorable conditions of growing upon cotton fabric and some other cellulosic mate- 
rials. It is probable that this species and the classic Thielama basicola are identical, but 
proof is lacking until Zopf ’s authentic specimens are available for comparison. 

Prevention of Decay in Substructures of Houses on Wet Sites. Biller, Jesse D. 
In providing living accommodations for thousands of war workers and their families, 
many war-housing projects throughout the country were built on sites that are believed 
to be too wet. In most eases contact of wood with soil has been avoided. However, par- 
ticularly where outside temperatures go low enough to promote condensation on sills, 
there is often need for ventilation in houses that have no heating plant under the floor, 
in order to keep the "wood below a dangerous moisture content. A study was made of 21 
houses without basements, in 11 locations in the vicinity of Washington, I>. C. Sub- 
structure wood moisture, relative humidity, and temperature were determined at approxi- 
mately 3-month intervals for periods of 2 to 3 years. The results indicate that i sq. ft. 
ventilator opening for each 25 linear feet of foundation wall, plus i sq. ft. for each 100 
sq. ft. of building area is sufficient. Where it is impracticable to provide adequate venti- 
lation and condensation occurs, tests now in the third winter show that it can be pre- 
vented and the wood moisture contents kept below the danger point without ventilation, 
by covering the soil with asphalt roll roofing. (Division of Forest Pathology, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Administra- 
tion, IT. S. Department of Agriculture.) 

Artificial Transmission of the Virus of Big Vein of Lettuce. Doolittle, S. P., ani> 
■Ross C. Thompson. All of the writers^ earlier attempts to transmit the big-vein virus 
by artificial inoculations were made wdth expressed juices of diseased leaves, and no infec- 
tion occurred. Recent experiments, however, have shown that infection is readily secured 
when freshly extracted juices of roots of big-vein plants are rubbed on the leaves or 
pricked into the leaves or stem. Fifty-six of 76 lettuce plants inoculated by these methods 
have been infected. All plants were grown in steam-sterilized pots and soil. The 
incubation period varied from 36 to 60 days with nearly all affected plants showing 
symptoms at about 4.5 days. These periods are about the same as are required for de- 
velopment of symptoms in healthy plants transplanted to infested soil. Drying the roots 
for 7 days seemed to inactivate the virus. Parallel inoculations, made with juices of 
mottled leaves of the plants whose roots were used as inoculum, produced no infection. 
When needle punctures were made through healthy and diseased leaves held in close 
contact, 1 out of 8 plants shelved symptoms within 18 days. This period was so short 
as to suggest prior contamination of the soil. The experiment is being repeated. All the 
80 control plants in the experiments remained healthy. (Division of Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agiucultural Engineering, Agri- 
cultural Research Administration, IT. S. Department of Agriculture.) 

Organisation and Germination of Oospores in Several Species of Tythium. Drechs- 
LER, Charles. Although in their early ^^umpy^’ stage oospores of Bythium oligandrum 
may show only one refringent body, at maturity they commonly reveal 5 to 15 refringent 
bodies in the finely granular layer surrounding the single reserve globule. If sparingly 
irrigated after aging 6 months, they often germinate by extending an evacuation tube, 
10 to 50 ji long, through which the contents migrate into a vesicle to be fashioned into 
zoospores. The oospore of P. periploeim often produces an evacuation tube 50 to 200 j.i 
long, which conducts the protoplasm into a terminal vesicle. In P. salpingophorum, 
P. vexans, and P. anandrum, the germinating oospore may deliver its contents into a 
vesicle, or may produce a sporangium; germ sporangia in the latter 2 species are often 
eitriform and distally papillate. After aging 6 months the large globose resting spore 
of P. nndulatuni Petersen sensu Dlssmann, which contains many reserve globules and 
plural refringent bodies, germinates promptly bn shallow irrigation by extending 1 to 3 
g(‘rm hyphae whereon are borne collectively 1 to 4 ellipsoidal, often distally papillate, and 
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occasionally proliferous sporpgia. From its internal organization, its two-layered wall, 
and manner of germination, it may possibly represent a parthenospore liomologous to the 
oospore of P. ostracodes. (Pathologist, Division of Fruit and Vegetable Crops and Dis- 
eases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Re- 
search Administration, D. S. Department of Agriculture.) 

Eelmmthosponum turcicum Leaf Blight of Cor^. Elliott, Charlotte, and Merle 
T. Jenkins. As a result of the epidemic of Helminthosporiiim turoictim leaf blight in 
1942, field inoculation experiments were conducted at Beltsville, Maryland, in 1944 to 
determine the relative susceptibility of inbred lines and crosses of dent corn to this dis- 
ease. About 6 acres of corn were inoculated twice weekly, beginning the last week in 
June and ending as plants came into tassel. Spore suspensions from a mixture of 5 
isolations of the fungus from^ corn at Beltsville were sprayed into the central whorl of 
leaves. Rapid spread of the disease began the last week in July and continued throughout 
the season. Leaf -blight ratings on 200 inbred lines, 175 single crosses, and 162 double 
crosses indicate that most lines and crosses are susceptible. NC34, CI.23, K175, Kyll4, 
Mo21A, T49B, T105B, and K155 in one group of 100 and CI.15, CI.16 and T x 206 in 
a second group of 100 inbred lines were more resistant than any others tested, showing 
only traces to light infection. Other lines showed moderate to very heavy infection. In “ 
general, the resistance of resistant lines was apparent in their hybrids. Some of the more 
resistant lines also were resistant in the natural epidemie of 1942. 

A Comparison of the Agar Plate and Test-tube-dilution Methods for the Preliminarij 
Evaluation of- Fungicides, Gottlieb, David. A comparison of sensitivity of agar-plate 
i and test-tube-dilution procedures for preliminary assay of fungicides is important. Pres- 

ent investigations reveal that each test gives reproducible values for the toxicity of the 
chemicals, sufficiently precise^ for detecting promising materials. However, neither test 
alone will indicate all materials with good fungicidal activity. For these comparisons 
the usual agar-plate method has been so altered that the spores are applied to the agar 
in drops of water from the same collection and at the same spore concentration used in 
the test-tube-dilution method. Eighty -five different organic compounds were tested 
against two fungi, Macrosporium sarcinaeforme and Sclerotinia frucMeola, in dosage 
series at 0, 16, 32, 63, 125, 250, and 500 ppm. and the L.D. 50 values determined. With 
the former organism 49.5 per cent of the compounds had the same toxic values by both 
methods. The agar-plate method was more sensitive than the test-tube-dilution method 
for 35.4 per cent and the test-tube-dilution method more sensitive for 15.3 per cent of 
the compounds. Similar results were obtained with Sclerotinia fructicola. When the L.D. 
100 was used for comparison with the agar-plate method, there were still many compounds 
that gave different toxic values depending on the procedure used. For this reason it 
may be important to utilize more than one procedure in the preliminary evaluation of 
chemicals as fungicides. 

Eeiv Organic Fungicides in the Control of Tomato and Potato THseases, HEilBEaoER, 
.1. W., AND T. F. Manns. In 1943 it was found that Spergon, Permate, No. 604, and 
Dithane did not control early blight on potatoes; adding zinc sulphate-lime (1-1-100) 
to Dithane increased its protective value over that of Bordeaux and yields were signifi- 
cantly increased by 37 bu. an acre. Research with Dithane on potatoes in 1944 showed 
the following: (1) addition of lime alone to Dithane did not increase control of early 
blight or leaf hopper burn; (2) zinc sulphate alone significantly increased control of 
early blight and hopper burn; (3) zinc sulphate and lime together were not so effective 
as zinc sulphate alone. In 1944, calcium, sodium, iron, zinc, copper, and lead dimethyl 
dithiocarbamates (2-100) were evaluated on potato and tomato plants. Zinc dimethyl 
dithiocarbamate was significantly the best for control of early blight and hopper bnm 
of the potato and of early blight* and anthracnose on the tomato; the calcium salt showed 
considerable promise. Adding zinc sulphate-lime resulted, in general, in signifieant in- 
creases in protective value for the calcium, sodium, and iron salts but not for the zinc, 
copper, and lead salts. Zinc dimethyl dithiocarbamate was the best of any organic or 
copper fungicide used for control of hopper burn on potato and of anthracnose on tomato. 
It was equal to Bordeaux for early blight control on tomatoes and potatoes. 

ISfew Developments in Spraying and Dusting Equipment. Hopperstead, S. L. A 
brief review of the development and performance of the Speed Sprayer, Vertical Boom 
Attachments, Cornell Sprayer-Duster, California Sprayer-Duster, and tlie use of Aerosols 
was presented. The advantages or disadvantages of the equipments as compared to stand- 
ard commonly used machines was discussed as well as the recent findings regarding 
present control of pests, the objectives sought and the future possibilities for improve- 
ment. The possibilities of adapting the Aerosol principle for control of field and storage 
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troubles of coimuei’cial crops were advanced and experimentation along these lines 
encouraged. 

Perkonia Blight of the Eeiwa Ihibher Tree, Imle, Ernest P., and John A. Steven- 
son. A new disease, occasionally causing conspicuous damage to the Hevea rubber tree, 
has been reported from Mexico (unpublished) by W. J. Martin and from Costa Rica by 
the writers. An unnamed species of JPericonia, having exceptionally large spores, "was 
identified on such diseased leaf specimens of Hevea spruceana and H, 'bmsUiensis col- 
lected at Turrialba, Costa Rica. Symptoms consist of leaf spots and leaf, petiole, and 
twig blight on H, spruceana but seem to be confined to leaf spots, and blight on H, hra- 
siUe^isis, Leaf spots are circular or elongated along leaf veins and from 2 to 10 mm. 
or more in diameter. On young leaves the spots often coalesce involving an entire leaflet 
and causing abscission. Both surfaces of the necrotic spots show the presence of large, 
dark, septate eonidiophores. These, together with their apical cluster of spores, measure 
200 to 300 p, tall and are easily visible to the naked eye on close inspection. Infection 
has been readily obtained on H. spruceana and on spruceana x hr asiliensis hybrids by 
atomizing with a spore suspension and by suspending diseased leaves above sueceptible 
foliage. In one test, spores were being produced on the newly formed lesions 10 days 
after inoculation. 

Pile Value of Several Fungicides as Sweetpotato Seed and Sprout Treatments. 
Jeffers, W. E., and C. E. Cox. Maryland Golden sweetpotatoes dipped in solutions of 
Borax, Spergon, and compound No. 604, before bedding, produced significantly more 
sprouts at the first pulling than untreated and mercuric chloride-treated. Total sprouts 
from 3 pullings show all treatments significantly better than check. Addition of Nu- 
Eilm, a rosin-residue sticker, delayed production but significant difierenees were still 
obtained. Sprouts from untreated sweetpotatoes were dipped in various solutions at the 
rate of 1 lb. of material per 10 gal. Six weeks after planting, Eermate plots showed 
significantly better stand than cheek; both Fermate and Spergon were better than Semesan 
Bel at odds of 99: 1. Fusarium-wilt infection was reduced significantly by all treat- 
ments. Spergon- and Fermate-treated sprouts yielded significantly better than Thiosan 
and Semesan Bel at the 5 per cent point and better than the Mycoban (calcium pro- 
pionate) and untreated plots at the 1 per cent point. Results w^ere not so good when the 
same treatments were used in a paraffin base. 

Elsinoe piri Discovered on Apple and Pear in Western Washington and Oregon. 
Jenkins, Anna E., M. J. Forsell, and L. W. Boyle. The eonidial stage (Sphaceloma) 
of what is evidently Fslinoe pirij causing a leaf and fruit spotting of apple and pear, 
\vas discovered in the United States in 1943. It was found in western Washington by the 
Special Pest Survey of the U. S. Bureau of Entomology and Plant Quarantine. The 
following year a survey by the Emergency Plant Disease Prevention Project revealed its 
pfesenee on both apple and pear in western Oregon. At present, so far as is known, the 
disease is confined to the moist sections of these States and is not known to occur in 
commercial apple-growing sections. Trees on w^hieh the disease was found are in home 
plantings, generally not of recent origin and practically without cultural attention. The 
characteristic fruit and leaf spot was seen on old apple varieties, names now unknown, 
as well as on Ortley, Grimes Golden, and King, and also on apple seedlings. Late yellow 
Tarieties and seedlings with light-colored fruit appear to be particularly susceptible. As 
many as 100 spots, up to 2 mm. in diameter, have been counted on a single small fruit; 
characteristically, these were present chiefly on the blush side. An equal number of spots, 
0.5 mm. to 1 mm. in diameter, have been noted on a more or less limited area of a single 
leaf blade. Leaf spots may reach 3 mm. in diam. The assembled data indicate that the 
apple and pear disease has been present in western Washingtoi| and Oregon for an 
extended period. 

Further Studies on Bacterial Leaf Blight and Stalk Pot of Corn. Johnson, A. G., 
Alice L. Robert, and Lillian Cash. The bacterial leaf blight and stalk rot of corn, 
previously reported from Alabama and Virginia, has now been reported also from Georgia, 
Texas, Kansas, and Nebraska. In some Kansas fields it was reported as rather common 
in 1943 and 1944, although not particularly destructive in either year except in localized 
spots. In the recent reports, the stalk-rot symptoms have been less common than originally 
reported from Alabama. The leaf symptoms have been very similar but the severity of 
the attacks has been lighter than in Alabama. The causal organism is very similar to 
if not identical with Pseudomonas alhopredpitans, originally isolated from Setaria lutes- 
eens. The organism has been shown pathogenic on leaves of dent corn, sweet corn, wheat, 
barley, rye, and oats; and to some extent on sorghum, Sudan grass, Setaria lutescens, and 
S. geniculaia. The best infections were obtained vvhen greenhouse temperatures were 
relatively high. Seed of dent corn and sweet com, inoculated with water suspensions of 
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the organism, produced seedlings with primary lesions from which the typical organism 
was isolated. Water suspensiohs of the organism also caused the typical stalk rot in 
field and greenhouse. 

Ohservations 071 the Baeteiial Canher of Cowpea. Leb^ebvre, C. L., and Helen S. 
Sherwin. Burkholder in 1944 described Xanthomonas vignicola as the cause of bacterial 
canker of cowpeas, while in the same year HofEmaster suggested that it may be caused 
by Bacterium vignae. The writers have made isolations from specimens of Blackeye 
cowpeas sent from Texas, and from WhippoorwiH' and Chinese Bed eowpeas collected in 
Florida. Both yellow and white bacteria were obtained, but only the yellow organism 
proved to be pathogenic. When grown on different media, the yellow organism agreed 
with the description given by Burkholder for X. vignicola. The first symptoms observed 
after inoculation are extremely variable, depending somewhat on method of inoculation. 
On primary leaves, small white spots 1-2 mm. in diameter develop. The tissue in these 
small spots shrivels, drys, and often drops out, producing a shot-hole effect. A halo 
usually forms around these .spots and the invaded tissue becomes water-soaked. The 
lesions may enlarge to an inch or more in diameter before the leaf wilts. Often the 
primary and trifoliate leaves wilt without any apparent lesions. On stems, cankers may 
be the first observable symptoms, and cankers may appear anywhere on stems. Inocula- 
tions have shown that varieties differ greatly in relative resistance. 

Baces of Helminthosporium turcicmi. Befebvre, C. L., and Helen S. Sherwin. 
Cultures of Helminthosporium turcieumf isolated from common Sudan grass, Atlas 
sorghum, Johnson grass, and corn differed in their ability to infect the host testers em- 
ployed. Two cultures from common Sudan grass and one from Atlas sorghum were 
pathogenic on Sudan grass and Gooseneck sorghum, but all failed to infect corn 
(Hyx540). Four of the cultures from corn infected common Sudan, while two did not, 
all six being highly pathogenic on corn (Hyx540). The culture from Johnson grass 
caused heavy infection only on its own host. Hence, these ten cultures represent four 
distinct parasitic races. The fact that many of the isolates from corn are able to produce 
heavy infection on common Sudan grass may help to explain why Sudan grass is always 
so heavily infected by H. turoioum when grown in Eastern United States. On the other 
hand, although only a few cultures from Sudan grass and sorghum were used, these failed 
to infect corn. This may account for the frequent absence of the fungus on corn growing 
close to heavily infected Sudan grass. 

A Bed Leaf Disease of Field amd Sweet Corn. Manns, T. F., and C. E. Phillips. 
In working with leaf blights on many strains of hybrid and open-pollinated corn in 1943 
and 1944, we observed a disease, new to Delaware, that we are calling the red leaf disease 
of corn. It is a systemic disease, characterized in its early stages by brilliant red foliage, 
turning in its later stages to a brilliant purplish-red, involving the whole plant. There 
are no necrotic lesions, nor any quick wilting areas. Plants from 2 feet in height to full- 
size were infected. The ear, though present, never completed kernel formation. In this 
respect the disease causes total loss. In one plot of 44 strains at Georgetown, 35 sources 
were infected, that is 79.3 per cent; the amount of infection varied from 1.7 to 11.7 
per cent with an average of 4.9 per cent. In 1943, at Newark, 37 per cent of a sweet- 
corn planting was affected. The cause of the disease is unknown to the writers. Our 
review of corn diseases shows none similar in symptoms. Cultures of surface-disinfected 
leaves (1~3000 alcoholic bichloride of mercury) frequently gave an abundant bacterial 
growth having colonies with a metallic lustre similar to that of Bacterium pruni. We 
have made no inoculations. Is the disease bacterial, virus, or an inherited breakdown 1 

Chlorosis in Seedlings of Hevea hrasiliensis. Martin, W. J. Less than 0.1 per cent 
of the Hevea seedlings growing in nurseries in Mexico and Guatemala has been observed 
to exhibit a partial chlorosis, ranging in severity from a few vrell-defined spots on a few^ 
leaves to almost complete chlorosis of most of the leaves on some affected plants. "With 
very young leaves the condition appears as lighter green spots, mostly with irregular 
margins. As the leaves mature the affected parts usually lose all chlorophyll and become 
yellow or white. In severe cases the young stem may appear yellowish green or streaked 
with yellow. Different leaf flush cycles on the same plant may show different degrees of 
chlorosis. The chlorosis has been propagated through patch budding; 30 of the 32 bud- 
dings, made with buds from affected seedlings placed on normal green seedlings, developed 
shoots showing the condition. Different degrees of chlorosis appeared among buddings 
made from the same budwood stick. In 1 of 6 cases, a bud from a normal green seedling, 
budded on an affected seedling, developed a shoot vrith a similar chlorosis on a single leaf 
in the third leaf flush cycle. This suggests that the condition may be transmissible. 

S'alts as Antidotes to Copper in its To^idty to Fungi. Marsh, P. B. Spore-germina- 
tion experiments with Stemphylium sp., Curvularia sp., and Fefiieillhim sp., after the man- 
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nea* of earlier erpc^'inients witli (Pliytopatli. 35 : 54 61, 1945) reveal 

pronounced aiitidoting effects of calcium chloride toward the toxicity of copper sulphate. 
Experiments with Stemphylimn indicate that the minimum ratio of calcium to copper 
necessary for observation of the antidoting response increases with increasing copper con- 
centration. At a given copper concentration KCl is less effective than CaCh. Germina- 
tion of spores of Stemphylmm in water suspension on a film of copx3er hydrogenated 
resinate may be raised from zero to over 90 per cent by the use of an antidoting salt. 

The Use. of Easter Lily Bull) Scales for Evaluating Fimgieides. McClellan, W. B., 
AND Neil W. Stuart. The results obtained when Easter lily scales (Lilimn longifiorum) 
are treated with various fungicides and growth pbstanees for the control of scale Tot 
caused by Fusarium oxysporum f. UUi, suggest their use as a test object for the evaluation 
of fungicides. The use of Easter lily scales has these advantages: all scales from one 
cion have the same genetic constitution; cions differ in susceptibility to scale rot, so that 
both susceptible and resistant cions may be employed; resistant cions provide a measure 
of the growth -promoting properties of the materials tested ; bulbs can be used at any time 
of the year if properly handled ; the organism readily infests the sand on which the scales 
are placed and the lesions it produces on the scales can be seen with ease; the materials 
to be tested can be applied as a dust, a suspension, or a solution; the equipment is simple 
(Phytopath. 34: 966-975, 1944) ; and the method is rapid, gives reproducible results, 
requires very little space, and measures small differences accurately because of the low 
variability between replicates. 

Oh serrations an Lima-hean Scah in Fuerto Bico. McCubbin, W. A. Lima-bean scab 
(Elsinoe phaseoU) occurs in Puerto Bico on cultivated and semi-wild Lima beans, and has 
been frequently encountered in the inspection of pod Lima beans offered for shipment to 
the mainland since 1930. Observations in Puerto Bico during 1935-39 indicate that, fol- 
lowing pod infection, there is a rapid expansion of the scab spot, which at this stage is 
slightly raised, remains uncolored, and produces a copious but transient ero|3 of superficial 
conidia ; that color appears upon an early and complete transition from the conidial to the 
ascosporic stage with little, if any, increase in spot size thereafter; that qiod infection was 
obtained with difficulty from ascospore suspensions; that the conidia may be largely re- 
sponsible for field spread; and that in frozen and unfrozen scabby pods subjected to moist 
decay the asci and ascospores appeared to become disorganized along with the host tissues, 
suggesting the possibility that the fungus may not be adapted to carry over in dead plant 
parts, and thus might have difficulty in bridging the interseason gap in cold regions. 
(Bureau of Entomology and Plant Quarantine, Agricultural Eesearch Administration.) 

Virus of Ciieumher Mosaic Withstands Desiccation in Leaf Tissue. McI^inney, H. H. 
When finely cut leaf tissue had become ^^dry^^ in laboratory atmosxihere at 18.5® to 23® C, 
virus activity could not be detected, but when dried at 35° C and stored over CaCL in a 
disiccator at 23° 0, there was slight activity after 58 days. However, when the tissue was 
dried and stored at 1° to 2° C, over CaCh, there was much activity after 153 days. In 
the laboratory, in humid climates, leaf tissue does not become completely dry, as it does 
in a desiccator. It appears that slow incomplete drying at laboratory temperatures favors 
reactions of plant constituents, possibly enzymes, that are deleterious to the virus, and that 
these reactions can be reduced or possibly eliminated in a very dry atmosphere at suitable 
temperatures. 

A Leaf spot of Cowpea and Soybean, Caused by a New Species of Hehninthosporium. 
Olive, Lindsay S., Douglas C. Bain, and 0. L. Lefebvre. A sjiecies of Helmwtho- 
sporium, apparently heretofore undeseribed, was found causing severe spotting of cowpea 
leaves in Louisiana in August, 1944. Since then specimens of cowpeas, as w^ell as soy- 
beans, diseased by the same fungus, have been received from North Carolina, South Caro- 
lina, and Florida. The fungus was obtained in culture, and inoculations were carried out 
on several varieties of cowpea and soybean. All plants became infected, but the cowpeas 
sustained the greater amount of damage. Two parasitic races have been isolated. Bacc 
1, originally isolated from cowpea leaves, causes a severe spotting of cowpea leaves and a 
light spotting of soybean leaves; whereas race 2, originally isolated from soybean leaves, 
produces a light spotting of soybean leaves and few to many small dots of little conse- 
quence on cowpea leaves. The fungus is a rather atypical species of Eelmmthosporium, 
with long tapering conidia, formed singly or in chains under proper conditions of tempera- 
ture and moisture, at the tips of long, dark-brown conidiophores. We are applying to the 
disease the common name of target-spot, with reference to the concentric zonation in each 
leaf spot on the cowpea, which is the chief host. 

DistrihutUni of Bares of Tilletia foetida md T. mrks in Belation to the Wheat Im- 
provement Program in the United States. BodenhIBER, H. A., and C. S. Holton. Fifteen 
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races of Tilletia foetida and 16 of T. caries have been identified fi*om 369 bunt collections 
from 35 States in the United States, 6 States in Mexico, and 2 Provinces in Canada. The 
jnost prevalent and widely distributed races of T. foetida are L-1, L-2, L--3, and L-4; and 
of T. caries T-l, T-2, and T-4. The first 3 and 2 of each group, respectively, are patho- 
genic only on the old commercially grown varieties. Several other races of both species, 
pathogenic on the newer varieties bred primarily for smut resistance, are rather widely 
distributed. Apparently the distribution and prevalence of specific wheat varieties are 
the most important factors governing the distxfibution and prevalence of particular races. 
It seems evident from wheat varietal tests with the above races tliat the so-called Hope or 
H-44 factors supply adequate resistance for the spring wheats, while the combined factors 
from Oro and Martin supply the necessary factors for resistance in the winter wheats. 
Both Bidit and Oro possess factors governing resistance to all of the races thus far 
identified in collections from Mexico. (Cooperative investigations between the Division 
of Cereal Crops and Diseases, U. S. Department of Agriculture and the Washington and 
Idaho Agricultural Experiment Stations.) 

Meadow Nematodes as the Cause of Boot Destruction. Steiner, Gr. 

Why Soil Fumigation! Steiner, G. 

Fhloem Necrosis Eesearch During 1944. Swingle, Bqgbr U., B. S. Mevee, and 
Curtis May. Resistance tests have been in progress since 1942 on seedlings and clones 
of a few American elms {Vlmus americana) suspected of being resistant to phloem 
necrosis because of their survival in areas where the disease has occurred for many years. 
Results as yet are not conclusive but they indicate that many of these seedlings and clones 
are resistant to phloem necrosis. Some natural hybrids between Ulmus fulva and Ulmus 
pumUa seem to be resistant also. Preliminary physiological investigations of inner bark 
indicate important differences in oxidizing enzyme activity, oxygen consumption, and 
water relations between diseased and healthy phloem. Electron microscope studies failed 
to reveal any differences between phloem exudates from diseased and healthy trees. Epi- 
demics of phloem necrosis are now developing across Missouri and in eastern Kansas. 
The disease area is now known to include the southern halves of Ohio, Indiana, Illinois, 
and Missouri, eastern Kansas, western West Virginia, Kentucky, western Tennessee, and 
northern Mississippi. Throughout this area losses among both wild and planted elms 
were extremely heavy in 1944, (Division of Forest Pathology, Bureau of Plant Industry, 
Soils, and Agricultural Engineering, Agricultural Research Administration, XT. S. Depart- 
ment of Agriculture.) 

Occurrence and Distribution of Physiologic Faces of Ustilago hordei in the United 
States. Tapke, V. E, In a study of 444 collections of barley covered smut from 33 
States, 13 distinct physiologic races of Ustilago hordei were isolated' by means of the 8 
differential varieties, Excelsior (C.I. 1248), Hanneheii (C.I. 531), Himalaya (O.I. 1312), 
Lion (C.I. 923), Nepal (C.I. 595), Odessa (C.I. 934), Pannier (C.I. 1330), and Trebi 
(C. I. 936). Race 6 was by far the most common. It oceurrcd in 272 of the 444 collec- 
tions and was found in 28* of the 33 States. In California and Washington, however, 
race 5 was very j)revalent, occurring in 42 of 45 collections from the former and in 21 of 
29 from the latter. Jn the winter-barley region, races 1 and 6 were common. Races 1, 
5, and 6 comprised 86.5 per cent of the total collections. The knowledge of the relative 
importance of these 3 races and of the oeeurrenee and distribution of all 13 races should 
appreciably facilitate breeding for resistance against the covered smut of barley, especially 
^-diiee we now have an eft'ective artificial method of inoculating the seed with U. hordei. 

Control of Bean Fust by Fungicide DiisUng and Spraying. Zaumeyer, W. J., and 
M. C. Golds WORTPIY. Sulphurs (wettable and liquid), dithiocarbamates, and chlorinated 
naphthoquinone proved to be highly efficient in greenhouse experiments in the control of 
rust infections. Copper compounds were not so effective as the above materials. Liquid 
Jime-sulphur, chlorinated naphthoquinone (604), and disodium ethylene bisdithioearbamate 
(Dithane) proved especially effective in eradicating the fungus from infected bean plants 
(24-hour infection U In field studies, dusting with finely ground (32o-mesh) sulphur at 
the rate of 20-25 pounds of sulphur per acre, before and immediately following the field 
observation of primary rust infections, controlled the disease; large reductions in yield 
were observed in unprotected plantings. The field dusting was done during the evening, 
or the quiet hours of day or night, or in the early morning. Dusting was not done during 
the hours when dew or*]n'ecipitation was present on the vines l>ecause of tlie hazard of 
spreading bacterial blight. (Division of Fruit and Vegetable Crops and Diseases, Bureau 
nt Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tr.atifm, U. S. Department of Agriculture, Beltsville, Mitrylnnd.) 




PETER HENRY ROLFS 
1865~*1944 

H 0 W A R D S. F A W C E T T 

Peter Henry Rolfs, who was among the pioneer plant pathologists of 
America, and a charter member of the American Phytopathological Society, 
came to the evening of a life of great nsefnlness to botanical and agricnh 
tiiral science at Gainesville, Florida, February 23, 1944. He w^as born on 
April 17, 1865, at LeClaire, Iowa. A course of study at the low^a State 
College at Ames followed the earlier years on his father’s Iowa farm. His 
B.Sc. degree at Iowa State College was obtained in 1889 and his M.S. in 
1891. The University of Florida honored him with a Doctor of Science 
degree in 1920. / 

Following his studies at Iowa State College, he became Professor of 
Natural Science at the Florida Agricultural College in Lake City from 1891 
to 1899. At Clemson College, South Carolina, he was botanist and bac- 
teriologist from 1899 to 1901. In 1901 he was officially known as Plant 
Pathologist in accepting a position with the United States Department of 
Agriculture at the Sub-tropical Plant Introduction Garden, Miami, Florida. 
He seems to have been the first to successfully bud and graft avocados. He 
was appointed to the Directorship of the Florida Agricultural Experiment 
Station at the University of Florida, at Gainesville, in 1906, where he re- 
mained until 1921. It was during the first years of his directorship (1906 
to 1912) that I learned to know and appreciate his personality and worth 
and to receive the benefit of his experience, enthusiasm, and his helpful, 
kindly advice in carrying on research in the then newly differentiated field 
of plant pathology. I was, I believe, his first .graduate student. Added 
responsibility came later to Professor Rolfs in being appointed Director of 
the Agricultural Extension Division in 1913 and Dean of the Agricultural 
College of the University of Florida in 1915. 

When a request came to the United States Department of State from 
Brazil for a man best fitted to found a new agricultural college along 
practical applicational lines. Dr. Rolfs was chosen. In 1921 he went 
to Brazil and began the development on a new site in the State of Minas 
Geraes at Vigosa, the institution now known as Escola Superior de Agri- 
cultura. This institution, the building of which he supervised with great 
pains and attention to details from the ground up, is a real monument to 
Dr. Rolfs’ memory. At the same time, it is one of the most valuable and 
practical contributions to international good will. The esteem wdth which 
he was held after his retirement in Braal in 1933 is shown by an effort to 
highly praise one of his successors in saying ''this man gives promise of 
being a second Rolfs.” Another indication is that, in 1943, a bronze bust 
of Dr. Rolfs was placed at the front entrance of the main college building 
at ViQosa. 
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The lasting influence of his work in Brazil is indicated by the fact that 
hundreds of agriculturists, not only from -Minas Geraes, but from other 
states of Brazil, attend a ^'Farmers Week'’ at the college. The attendance 
at Farmers Week passed the 900 mark in 1944. The regular college attend- 
ance in 1943 was 1200. This is, no doubt, having far reaching influence 
among the solid citizenry of Brazil. No small part of this work by Pro- 
fessor Rolfs in Brazil is to be attributed to the help of his daughter, Clarissa 
Rolfs, who was constantly with him and became even more proficient in the 
Portuguese language than he. With her he shared his agricultural interests 
and published 20 or more papers jointly. 

He was made ^‘Consultor de Agricultural in the State of Minas Geraes 
from 1928 to 1933, the time of his retirement. In 1892 Dr. Rolfs married 
Miss Effie Stone who died in 1929, leaving two daughters and four grand- 
children. He stayed in Brazil for several years after his retirement with 
one of his daughters, Miss Clarissa Rolfs. 

He was a member of the following scientific societies and organizations: 
Emeritus Life Member, American Association for the Advancement of 
Science, 1938 ; charter member of Botanical Society of America, and of The 
American Phytopathological Society ; Honorary Life Member, Florida State 
Horticultural Society, 1920; President, 1907-8, Chairman Executive Com- 
mittee, 1908-21 ; Member International Association of Botanists ; St. Louis 
Academy of Science ; Iowa Academy of Science ; Association for Promotion 
of Horticultural Science ; American Pomologieal Society ; Associate Mem- 
ber, American Association of Economic Entomologists; State Chairman, 
Council of National Defense, 1917-18; and member of Alpha Zeta, Phi 
Kappa Phi, and Sigma Xi. 

That Professor Rolfs was one of the pioneers in mycology and plant 
pathology is shown by some of his publications. In A fungus disease of 
the San Jose scale" in 1897, he opened up the subject of fungi as part of 
the biological control of insects in Florida which paved the way for later 
investigations in this field. He gave attention early in Florida to diseases 
of economic crops : tomatoes 1898, 1907 ; oranges 1898, 1904, 1906, 1908. 
He carried his interest in plant pathology to Brazil where, although his 
main interest was horticulture, he yet found time to give some attention to 
diseases. He established at the institution in Vi^osa a department for 
teaching and research in plant pathology, headed by a plant pathologist 
from the United States, A. S. Muller. The breadth of his interests is shown 
in his papers ranging from Lichens in Florida" for the St. Louis Academy 
of Science to ^'Sub-tropical vegetable growing" in his book published by 
Macmillan Company and "Domesticating anti-leprie species in Brazil" in 
the Leprosy Review. 

The scope of his interests in plant pathology, as well as other agricul- 
tural fields, may be gained by the long list of his publications : 

The seed coats of Malvaceae. Bot. Gaz. 17 1 B3-B9. 1892. 

Insecticides and fungicides. Fla. Agr. Exp, Stat. Bull. 23. 1893. 
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The tomato and some of its diseases. Pla. Agr. Exp. Stat. Bull. 21. 1893. 

Insects and insecticides. Proe. Pla. State Hort. Soe. 8: 80—84:. 1895. 

The San Jose scale. Ela. Agr. Exp. stat. Bull. 29. 1895. „ 

Some market vegetables for Plorida. Pla. Agr. Exp. Stat. Bull. 31. 1895. 

Advancement made in insecticides. Proe. Pla. State Hort. Soc. 9 : 101-102. 1896. 

The brief study in insect dissemination. Proe. Pla. State Hort. Soe. 9 : 99-100. 1896. 

Injurious insects of the year. Proe. Pla. State Hort. Soe. 9: 96—99. 1896. 

Vegetable growing in the South for northern markets. Southern Planter Pub. Oo. 1896. 
The visit to the Gypsy Moth Commission. Proe. Pla. State Hort. Soc. 9 : 102-105. 1896, 

An act for the control and extirpation of diseases and insects of the agricultural products 
of the state of Plorida. Proe, Pla. State Hort. Soc. 10: 111-116. 1897. 

A fungus disease of the San Jose scale (Sphaerostilhe coccopMa TuL). Pla. Agr. Exp. 
Stat. Bull. 41. 1897. 

Injurious insects of the year. Proe. Pla. State Hort. Soe. 10: 94-97, 1897. 

Insect diseases. Proe. Pla. State Hort. Soe. 10: 97-104. 1897. 

Diseases of the tomato. Pla. Agr, Exp. Stat. Bull. 47. 1898. 

Injurious insects and diseases of the year. Proe. Pla. State Hort. Soc. 11 : 80-93. 1898. 
Orange diseases and insects. Proe. Pla. State Hort. Soe. 11: 34-43. 1898. 

Strawberries and miscellaneous fruits. Proe. Pla, State Hort. Soe. 11 : 95-99. 1898. 
Pineapple fertilizers. Pla. Agr. Exp. Stat. Bull. 50. 1899. 

Pineapple fertilizers. Proe. Pla. State Hort. Soc. 12 : 90-96. 1899. 

Pineapple growing. XT. S. Dept. Agr. Farmers’ Bull. 140: 1-47. 1901. 

Plorida lichens. Trans. St. Louis Acad. Sei. 11: 25-39. 1902. 

The Tropical Laboratory. Proe. Pla. State Hort. Soc. 15: 49-52. 1902. 

Probable results of draining the Everglades. Proe. Pla. State Hort. Soc. 16: 46-51. 
1903. 

The avocado in Plorida; its propagation, cultivation, and marketing. U. S. Dept. Agr. 

Bur. Plant Indus, Bull. 61. 1904. 

Citrus diseases. Proe. Pla. State Hort. Soc. 17: 89. 1904. 

Belation of science to horticulture. Proe. Pla. State Hort. Soe. 17 : 57-66. 1904. 
Wither-tip and other diseases of citrus trees and fruits caused by Colletotrichum gloeo- 
sporioides. XT. 8. Dept. Agr. Bur. Plant Indus. Bull. 52. 1904. 

Citrus fruit growing in the Gulf States. U. S. Dept. Agr. Farmers ’ Bull. 238. 1906. 

The Experiment Station Co-operative work. Proe. Fla. State Hort. Soc. 19: 41-45. 

1906. 

Pall dropping of citrus fruit. Pla. Agr. Exp. Stat. Press Bull. 60. 1906. 

Mangoes. Proe. Pla. State Hort. Soc. 19: 65. 1906. 

New opportunities in subtropical fruit growing. XT. S. Dept. Agr. Yearbook 1905: 439- 
454. 1906. 

Alfalfa. Pla. Agr. Exp. Stat. Press Bull. 66. 1907. 

Okra, or gumbo (Eihiscus esculentus.) In: Bailey, L. H., Cyclopedia of American Horti- 
culture, 6th ed., vol. 3, p. 1125. 1907. The Macmillan Co., New York. 

Onion culture in the south. In: Bailey, L. H., Cyclopedia of Horticulture, 6th ed., vol. 3, 
pp. 1139-1140. 1907. The Macmillan Co., New York. 

Pineapple. In: Bailey, L. H., Cyclopedia of Horticulture, 6th ed., vol. 3, pp. 1343-1345. 

1907. The Macmillan Co., New York. 

President’s annual address, Proe. Pla. State Hort. Soc. 20: 21-26. 1907. 

Tomato diseases. Pla. Agr. Exp. Stat. BuU. 91. 1907. 

Citrus bloom dropping, Pla. Agr. Exp. Stat. Press Bull. 84. 1908. 

Citrus foot rot. Pla. Agr. Exp. Stat. Press Bull. 96. 1908. 

Fungus diseases of scale insects and whitefly. (With H. S. Fawcett.) Pla. Aar. Exp. 
Stat. Bull. 94. 1908. 

President ’s annual address. Proe. Fla. State Hort. Sne. 21 : 30-34. 1908. 

Corn. Pla. Agr. Exp. Stat. Bull. 100. 1909. 

In: Bailey, L. H., Cyclopedia of American Horticulture, 6th ed., vol. 2, pp. 
521-524. 1909. The Macmillan Co., New York. 

Plorida horticulture. In: Bailey, L. H., Cyclopedia of American Horticulture, 6th ed., 
vol. 2, pp. 590-592. 1909. The Macmillan Oo.; New York. 

Russeting of citrus fruits. Pla. Agr. Exp. Stat. Press Bull. 117. 1909. 

Seed corn. Pla. Agr. Exp. Stat. Press Bull. 136. 1909. 

What the Experiment Station is doing for the fruit and vegetable grower. Proe. Pla. 

State Hort. Soe. 22: 27-30. 1909. 

Hay. Pla. Agi*. Exp. Stat. Press Bull. 153. I919v 

Horticulture and agidcultural education in Honda. Proe. Fla. State Hort. Soe. 23: 26-35. 
1910. 

Plant-bugs in orange groves. Pla. Agr. Exp. Stat. Press Bull. 155. 1910. 

The valuation of carbohydrates and protein in commercial feeds. Proe. Soc. Prom. Agr 
Sd. 31: 107-109. 1910. ^ ’ 


1945 ] 


Fawcett ; Petee Henry Rolfs 


495 


The avocado in Florida^ its propagation, cultivation, and marketing. Fla. Grower 5(5): 
3. 1911. 

Diseases of citrus fruits. (With H. S. Fawcett and B. F. Floyd.) Fla. Agr. Exp. 
Stat. Bull. 108. 1911. 

Japanese cane— fertilizer experiments. Fla. Agr. Exp. Stat. Press Bull. 167. 1911. 

The mango in Florida. Proc. Amer. Pomol. Soc. 32: 34~43. 1911. 

The withertip disease in Florida. Pomona College Jour. Eeon. Bot. 1: 107-108. 1911. 
Notes on citrus investigations in Florida. Proc. Soc. Prom. Agr. Sci. 33: 29-36. 1913. 
Culture, fertilization, and frost protection of citrus groves in the Gulf States. U. S. 
Dept. Agr. Farmers^ Bull. 542. 1913. 

Discussion on tropical fruits. Proc. Fla. State Hort. Soe. 26 : 185-191. 1913. 

Fungus diseases of scale insects and whitefly. (With H. S. Fawcett.) Fla. Agr. Exp. 
Stat. Bull. 119. 1913. 

Propagation of citrus trees in the Gulf States. U. S. Dept. Agr. Farmers^ Bull. 539. 
1913. 

Sites, soils, and varieties for citrus groves in the Gulf States. V. S. Dept. Agr. Farmers ^ 
Bull. 538. 1913. 

Tomato diseases. Fla. Agr. Exp. Stat. Bull. 117. 1913. 

E. O. Painter and Florida horticulture — a, quarter century of progress in Florida. Proc. 

Fla. State Hort. Soc. 27: 214-231. 1914. 

Materials for correcting soil acidity. Fla. Agr. Exp. Stat. Press Bull. 227, 1914. 

Using ground limestone. Fla. Agr. Exp, Stat. Press Bull. 228. 1914. 

Mangoes in Florida. Fla. Agr. Exp. Stat. Bull. 127. 1915. 

Avocado culture. Fla Agr. Exp. Stat. Press. Bull. 244. 1916. 

Avocado propagation. Calif. Citrog. 1(8) : 31. 1916. 

Avocado propagation. Fla. Agr. Exp. Stat. Press Bull. 243. 1916. 

Guava propagation. Fla. Agr. Exp. Stat. Press Bull. 246. 1916. 

Present need of Florida horticulture. Proc. Fla. State Hort. Soc. 29 : 15-18. 1916. 
Roselle mildew. Fla. Agr. Exp. Stat. Press Bull. 255. 1916. 

Subtropical vegetable gardening, 309 pp. 1916. The Macmillan Co., New York. 

Care of trees after freezing temperatures. Fla. Agr. Exp. Stat, Press Bull. 263. 1917. 
Castor beans. Fla. Univ. Agr. Ext. Cir. 2. 1917. 

Citrus trees damaged by cold. Fla. Agr. Exp. Stat. Press Bull. 262. 1917. 

Our nation is calling for more hogs at high prices. Fla. Univ. Agr. Ext. Cir. 1. 1917. 
Rhodes grass. Fla. Agr. Exp. Stat. Bull. 138. 1917. 

Council of state defense. Proc. Fla. State Hort. Soe. 31: 141-147. 1918. 

The Experiment Station. Proc. Fla. State Hort. Soc. 33: 174-179. 1920. 

Fertilizers for pineapples. Fla. Agr. Exp. Stat. Press Bull. 321. 1920. 

Live stock in Minas Geraes. Brasilian Bus., July, 1921. 

Brasil ^s fruit opportunity. Brasilian Bus., Oct., 1921. 

Cattle in Brazil. Farmer and Stockman, June 15, 1922. 

Citrus in Brazil. Fla. Grower 25(25) : 5. 1922. 

O Congresso Internaeional de Algodao. O Agricultor, Nov., 1922. 

Ensino agrieola. Confei*encia perante a Sociedade Nacional de Agricultura. 32 pp. 
Dee. 15, 1922. 

Turning oranges into gold. Brasilian American, Jan. 6, 1923. 

Transformando laranjas em ouvo. Minas Geraes, Jan. 14-16, 1923. Also in: Lavoura e 
Cria§ao, May, 1923. Also in: O Agricultor, May, 1923. 

A. Alexia. Minas Geraes. Feb. 26-27 ^ 1923. Also in: Chacaras e Quintaes, Apr., 1923. 
The Market for Brasilian fruits. Brasilian Bus., Feb., 1923. 

Relatorio Sobre a Exposigao de Frutas e Flores na Exposigao deo Centennario. Minas 
Geraes, March 12-13, 1923. 

Cigarrinho de Canna de Assucar. Minas Geraes. March 20, 1923. 

O Fome para o Algodao. Minas Geraes. Apr. 5, 1923. 

Brazilian fruit and the centennial. Fla. State Hort, Soe. Proc. 36: 33-39. 1923. Also 
in: Fla. Grower 27(16): 4-5. 1923. 

A Superioridade do Gado de Pure Sangue. O Agricultor, May, 1923. Also in: Rev. Agr. 
Mineira, Sept., 1923. 

Cochonilha de Canna de Assucar. Minas Geraes, May 30, 1923. 

The international cotton conference- Brasilian Bus., June, 1923. 

O mercado para as frutas do Brasil. Brasil Ferro-Carril, Aug. 2-16, 1923. Also in: A 
Lavoura, June, 1923. 

The second regional exposition at Lavras. Brasilian Bus., Oct., 1923. 

A preven^aa de Destruicja de Sementes por Insectos. Rev. Agr. Mineira, Oct., 1923. 
Also in: A Lavoura, Feb., 1924. 

A Guerra Contra os Insectos. 0 Agricultor, Nov., 1923 and May, 3924. 

Educa^.ao Agricolae a Economia Nacional. A Lavoura, Nov., 3923. 

Preventing damage to stored grain. Brasilian Bus., Nov., 1923. 
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A Escola Superior de Agricultura e Yeterinaria de Minas Geraes e urn Systema Nacional 
de Ensino Agricola. Jornal do Commereio, Dec. 17, 1923. Also in: A Lavoura, Dec., 
1923 and Jan., 1924. Also in: Rev. Agr. Miiieira, Feb., 1923. 

As Cuyabanas. Rev. Agr, Mineira, Feb., 1924. 

A Cbaulmoogra, Onde e Como se Deve Plantal-a. A Lavoura, March, 1924. 

Extine^ao da Tiririca. A Lavoura, March, 1924. 

Experimentagao com Adubos a Cultura da Batata Ingleza. Rev. Agr. Mineira, Apr., 1924. 
A Magnificent Palm. Brasilian Bus., J uly, 1924. 

Cultura Secca do Arroz. Cidade de Yi^osa, July 19-26 and Aug. 2, 1924. 

Praga dos Cafezaes. Minas Geraes. July 24, 1924. 

Docen^a do Ficus. Minas Geraes, Aug. 3, 1924. 

Algodao. Cidade de Yigosa, Aug. 9, 1924, and Oct. 11, 1924. 

A Industria de Latieinios no Estado de Minas Geraes. Minas Geraes, Aug. 10, 1924. 
Quarta Exposigao Agro-Pecuaria de Lavras. Minas Geraes, Aug. 23, 1924. 

Arroz Sem Irriga^ao. Rev. Agr. Mineira, Aug. 24, 1924. Also in: O Excelsior, July 
20-27, 1924. 

Rice without irrigation. Brasilian Bus., Aug., 1924. 

A Semana do Milho. Cidade de Yigosa, Sept. 13, 1924. 

Exposigao de Aves. Cidade de Yi^osa, Sept, 20, 1924. 

Milho, Batata Doce e Arroz. Cidade de Yigosa, Sept. 27, 1924. 

The Avocado. Brasilian Bus., Sept., 1924., 

A Beringela. Cidade de Yi§osa, Oct. 4, 1924. 

0 Abacate. A Lavoura, Oct. -Nov., 1924. 

Ensino Agronomieo. Cidade de Yi§osa, Nov. 8, 1924. 

Palha de Cafe Yale Ouro. Cidade de Yigosa, Nov. 15, 1924. 

jMal'di-Gomma. Almanach de Chaearas e Quintaes, 1924. Also in: Rev. Agr. Mineira, 
Feb., 1924. 

Review of Fawcett and Lee^s Citrus Diseases of the World. Chaearas e Quintaes S4: 
456. 1926. 

Amaryllis Hybridos. Boletim da Imprensa No. 8. Also in: Bol. de Agr. Zootech, e Yet. 
^ Nos. 7-9, 1927. 

Cuidados com as Mudas de Citrus. Boletim da Imprensa No. 9, 1927. 

Estatutos da Escola Superior de Agricultura e Yeterinaria do Estado de Minas Geraes, 
sede em Yigosa. Minas Geraes Sec. de Agr. Bol. 1, 18 pp. 1927. 

Lista e Deseripgao das Yariedades de Citrus. Boletim da Imprensa No. 10. 1927. 
Mahdi-Gomma das Laranjeiras e Seu Tratamento. Chaearas e Quintaes 36; 276-277. 
1927. 

Regulamento da Escola Superior de Agricultura e Yeterinaria do Estado de Minas Geraes. 

Impr. Off. de Minas Geraes, Bello Horizonte, 56 pp. 1927. 

Renda de Algumas Qualidades de Milho. Bol. de Agr. Zooteeh. e Yet. 1(1) : 17-19. 1928. 
0 Arroz, Sua Cultura em Yargens Altas. Bol. de Agr. Zootech, e Yet. 1(2) : 5-7. 1928. 
Augmento Rapido na Produe§ao de Milho. Bol. de Agr. Zootech, e Yet. 1(3) : 3-6. 1928. 
Pma Cultura Desprezada. Bol. de Agr. Zootech, e Yet. 1(3) : 6-7. 1928. 

Introduc^ao ao Discurso aos Criadors Mineiros. Bol. de Agr. Zootech, e Yet. 1(4/5) : 
101-106. 1928. 

Cann|^de Cavallo para Pastagens Artificiaes. Bol. de Agr. Zootech, e Yet. 1(8/9) : 13-15. 

Ensino agricola Mineiro e Brasileiro. Segunda Confereneia Nacional de Educacao, Nov. 
4-11, 1928. 31 pp. 

Palha de Cafe eomo Adubo. Bol. da Imprensa No. 24. 1928. 

Prepare de Calda Bordaleza. Bol. da Imprensa No. 22. 1928. 

Yeneno Contra Abelha Caehorra. Bol, da Imprensa No. 25. 1928. 

Algumas Considera^oes Sobre o Ensino Agricola do Estado de Minas Geraes. (With C. 
Rolfs.) 0 Agricultor, 8(1). 1929. 

Fertilizantes de Fazendas, Sua Produceao e IJtilidade. Bol. de Agr. Zootech, e Yet. 
2(3): 3-11. 1929. 

Boas Mudas, Base da Citricultura. (With C. Rolfs.) Bol. de Agr. Zootech, e Yet. 

2(4): 5-12. 1929. ^ 

Escola Superior de Agricultura e Yeterinaria do Estado de Minas Geraes. (With C. 
Rolfs.) Bol. da XJniao Pan- Americana, 31: 364-378. 1929. Reprinted as Serie 
Sobre Agricultura, No, 26. 15 pp.) 

La l^cuela Superior de Agricultura e Yeterinaria de Minas Geraes. (With C. Rolfs.) 
Bol. de la Union Panamericana 58 : 499-515. 1929. (Reprinted as Serie Sobre Agri- 
eultura. No. 53. 17 pp.) ® 

Laranja Satsuma Owari. (With 0. Rolfs.) Bol. de Agr. Zootech, e Yet. 2(5): 17-18. 
1929. 

Progressive Minas. Her Modern Agriealtnral College. (With C. EoLfs.) Brasilian 
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Subtropical vegetable growing. 2d edition. 309 pp. The Macmillan Co., New York, 
1929. 

The Avocado. (With C. Rolfs.) Brasilian Bus., Peb., 1931. Also in: Brasilian Ameri- 
can, Peb. 28, 1931. 

PropagaQao do Citrus no Brasil. (With C. Rolfs.) Bol. da IJniao Pan- Americana, 
33(4/5, 6, 7) : 1931. (Reprinted as serie sobre Agricultura, Nos. 36-38. 64 pp.) 
Canna Cavallo para Pastagens Artificiaes. Minas Geraes, May 30, 1931. 

O Milho. Minas Geraes, May 31, 1931. 

Consumo Baixa e Nao Superprodue^ao. Minas Geraes. July 5, 1931. Also in: Bol. de 
Agr. Zooteeh. e Vet. 4^/9): 3-4. 1931. 

A Aclimagao e Bomesticagao das Espeeies Anti-Lepricas. Conferencia perante a Soeie- 
dade Nacional de Agricultura. A Lavoura, July, Aug., and Sept., 1931. Also in: 
Minas Geraes, Oct 7, 1931. Resumes in Jor. de Commereio, May 24, 1931 ; in A 
Lavoura, June 15, 1931 ; and in O Noite, May 21, 1931. 

Progresso do Ensino Agrieola em Minas. Minas Geraes, Oct. 3, 1931. 

Aproveitamento de Bravos. Minas Geraes, Oct. 5-6. 1931. Also in: Bol. de Agr. Zooteeh. 
e Vet. 4(7-9): 80-86. 1931. ^ 

As Maquinas Agrieolas Inferiores Sao Anti-Economicas. Minas Geraes, Oct. 11, 1931. 
Cada Agricultor Tima IJnidade Importante. Minas Geraes, Oct. 12/18, 1931. 

Aprender dos Outros. Minas Geraes, Oct. 14, 1931. 

A Cultura Meeaniea e os Bravos. Minas Geraes, Oct. 15, 1931. 

A Porca Meeaniea e a Producqao Media. Minas Geraes, Oct. 16, 1931. 

Os Tinhoroes on Caladiuns. Minas Geraes, Nov. 7, 1931. Also in: Bol. de Agr. Zootech, 
e Vet. 5(1): 47-49. 1932. 

0 Abaeateiro; Inieio Racional da Sua Exploi'a^ao. (With G. Rolfs.) Jor. de Oom- 
mercio, Bee. 23/24, 1931. 

Palha de Cafe eomo Adubo. Minas Geraes, Bee. 30, 1931. 

Augmento rapido na produegao do milho. Minas Geraes Sec. de Agr. Seine Agr. do 
Service de Publicidade No, 4, 5 pp. 1931. 

A cultura da sapucainha. (With C. Rolfs.) Bol. de Agr. Zootech, e Vet. 4(10-12): 
5-28. 1931. 

A muda de citrus; pedra angular da industria citricola. (With C. Rolfs.) Oheinas 
Graphieas da Estatistica, Bello Horizonte, 126 pp. 1931. 

Escola Superior de Agr. e Vet. Primeiro annuario, 1927. Impr. Off. de Minas Geraesj 
Bello Horizonte, 111 pp. 1931. 

Introduc§ao de ^^A Muda de Citrus. (With C. Rolfs.) Bol. de Agr. Zootech, e Vet. 
4(4/6) : 3-9. 1931. 

0 Abacate; Variedades Enxertadas e Sue Plantio no Pomar. (With C. Rolfs.) Bol. de 
Agr. Zooteeh. e Vet. 4(7/8/9) : 5-12. 1931. ^ 

0 ensino agricola no grau medio e sua organizagao no Brasil. In: A Escola Regional, 
published by the Associagao Brasileira de Edueagao, pp. 66-92. 1931. 

Propagacion de Prutas Citricas en el Brasil. (With C. Rolfs.) Boletin de la Union 
Panamericana. 65: 469-491, 603-627, 735-753. 1931. Reprinted as Serie sobre 

Agricultura, Nos. 72-74. 65 pp.) 

Fertilizantes de Refugos. (With C. Rolfs.) Bol. de Agr. Zootech, e Vet. 5(1): 61-69. 
1932. 

Porque Alguns Abacateiros nao Fruitificam. Chacaras e Quintaes. 45 : 88. 1932. 

Poda das Raizes do Transplantio de laranjeira. Chacaras e Quintaes. 45: 203-204. 1932. 

Porque o Abacateiro nao Produz. (With G. Rolfs.) Chacaras e Quintaes. 45: 203-207. 
1932. 

Viagem de Estudos ao Estado de Sao Paulo. Bol. de Agr. Zootech, e Vet. 4(4): 47-55. 
1932. 

Esterilidade do Abacateiro. (With C. Rolfs.) Bol. de Agr. Zootech, e Vet. 5(5) : 35-36. 
1932. 

The Avocado, How to insure productiveness. (With C. Rolfs.) Brasilian Bus. 12(6). 
1932. 

Palha de Cafe e Cinzas da Mesma eomo Adubo. Bol. de Agr. Zootech, e Vet. 5(8) : 142- 
147. 1932. 

Rejuvenescimento de Arvores de Citrus. (With C. Rolfs.) Bol. de Agr. Zootech, e Vet. 
5(10). 1932. 

The citrus export problem. (With 0. Rolfs.) Brasilian Bus. 12(11). 1932. 

Educacao Agricola e Progresso Economieo. (With C. Rolfs.) O Campo 3(1): 90-91. 
(2): 72-74. 1932. 

0 Abacate ; Variedades com pedigree, Sua Cultura. (With C. Rolfs.) Estado de Minas 
Geraes. Sec. da Agr. Serie A^. No, 22. 23 pp. 1934. 

Domesticating anti-leprie species in Brasil. (With C. Rolfs.) Leprosy Review 9(3/4). 
1938. 


STUDIES IN THE PUSARIUM DAMPING-OPP OP CONIPERS. 

III. RELATION OP TEMPERATURE AND SUNLIGHT 
TO THE PATHOGENICITY OP PUSARIUM^ 

Howard Tikt2 

(Accepted for publication January 15, 1945) 

Comparatively little attention has been given to the relation of tempera- 
ture and sunlight to damping-off as predetermining conditions affecting the 
levels of pathogenicity in the host-pathogen relationship. The close inter- 
relationship in the field between temperature, sunlight, and moisture factors 
has made it difficult to interpret observations in terms of any one factor. 
Only when these conditions are controlled and varied independently in the 
laboratory, can their relations to the disease be interpreted. 

GENERAL MATERIALS AND METHODS 

The selection of hosts and damping-off fungi was based upon results from 
previous experiments (22, 23) . In the reports on these tests, sources of seeds 
and of the Pusarium lines were described in detail, as well as standard 
methods of seed sterilization, selection of monosporous cultures of virulent 
strains of fungi, and preparation of inoculum and glycerophosphate nutrient 
solutions for the hosts and fungi. Damping-off losses were considered in two 
categories, emergence loss and post-emergence damping-off. Where experi- 
mental procedure required occasional departures from the standard methods 
of these early experiments, the alternative treatments are described. 

All seedlings were grown in a low-humidity greenhouse, thermostatically 
adjusted to maintain a daily mean temperature range of P., in those 

seasons of the year when such control was possible. 

Determinations of pH were made potentiometrically with quinhy drone 
and saturated calomel half-cells, and all solutions were adjusted in acidity 
with 0.1 N HCl and 0.1 N NaOH. 

TEMPERATURE 

Various writers have considered effects of soil temperature on seed ger- 
mination and early growth of forest-tree seedlings (1, 6, 14). Excessively 
high temperatures following high insolation exert lethal effects upon conifer- 
ous seedlings (2, 9, 25). Less attention has been given to the effects of 
moderate temperatures in predisposing seedlings to damping-off, although it 
has been generally recognized that temperature variations influence the 
activities of damping-off and other soil organisms (17, 21). 

Pusarium species in general are adapted to a wide range of temperature, 
but usually develop best at relatively high temperatures, with optima in the 

1 A portion of a thesis submitted to the faculty of the Graduate School of the Uni- 
versity of Pennsylvania, in partial fulfillment of the requirements for the degree of Doctor 
of Philosophy, 

2 The greater part of this investigation was carried on during the tenure of a George 
Leib Harrison Fellowship at the University of Pennsylvania. 
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range 20-35° C. (12, 16, 26). Wollenweber (27) made the generalization 
that root-invading Pnsaria are warm-soil organisms. Other investigators 
(11) saw a correlation between high-temperatnre Fusarinm wilts and the 
vegetative development of the parasites, and attributed the influence of tem- 
perature to its direct effect upon the fungus. Gifford (4) and Hartley (10) 
observed parallelism between high temperatures and damping-off of conifers, 
and Roth (18) demonstrated that damping-off fungi function actively be- 
tween 11° and 30° C. His two species of Fusarium caused appreciable 
damage to Picea excelsa under the protracted influence of temperatures 
between 24° and 33° C. 

The influence of temperature on the development of the disease, and ripon 
the host and pathogen separately, was studied in the greenhouse in tempera- 
ture chambers described by the writer (24). Air temperatures fluctuated 
about means at five different levels in a manner resembling diurnal fluctu- 
ation in nature. The actual mean temperatures and their standard devia- 
tions were as follows: Chamber I, 31.5 ±: 1.3° C.; II, 24.6 dr 1.6° C.; Ill, 
20.9 ± 1.4° C.; IV, 16.4 zh 1.5° C.; and V, 10.4 zfc 1.6° C. The standard 
error of any mean was 0.3° C. These values were independent of the green- 
house temperatures. 

The first inoculation tests (Series 1) were upon resinosa in quartz- 
sand cultures. Two four-inch pots, inoculated with cultures of Fusarium 
oxysporum, and two control pots, treated with sterile rice-mush, were in each 
chamber. Infested pots were incubated for 5 days at room temperature, 
after which 50 surface-sterilized seeds of the host were sown in each and 
covered with sterile sand. The pots were then placed in the apparatus and 
kept uniformly moist by frequent watering with the standard nutrient solu- 
tion adjusted to pH 6. Data recorded for inoculated and control pots are 
in tables 1 and 2. 

In table 1 are listed the cumulative percentages of seedlings emerging 
after various periods, up to 125 days, after placement of pots in the cham- 
bers. Since emergence had not been completed by 125 days in Chambers 
IV and V, it was necessary to determine the number of viable seeds remain- 
ing in these pots, in order to distinguish between lack of emergence due to 
inoculation and that due to physiological effects upon the seeds of the tem- 
perature alone. The sand in all the pots was sifted through a screen and 
all unopened seeds recovered were again surface-sterilized and planted in 
sterile agar in Petri dishes. The plates were incubated at room temperature 
for 15 days, and the additional germination was used to correct the percent- 
age emergence of the temperature treatments. The corrected emergence 
percentages are in table 2, which includes the percentage reduction in 
emergence due to the inoculation, based upon the corresponding controls as 
standards, and also the total post-emergence losses. 

The optimum temperature range for the emergence of the host was 16~ 
20° C., higher values reducing germination, while lower temperatures sloAved 
down its rate. Reduction in emergence due to the effects of the inoculations 
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TABLE 1. — Emergence percentages of seedlings of Pinus resinosa grown in control 
and inoculated guartz-sa 7 id cultures at various temperatures. Data are averages of 
duplicate trials 


Tern- 


Emergence percentages from 9 to 125 days 
after planting of seeds 


Total 


degree 0. 

9 

12 

14 

16 

18 

40 

75 

100 

125 (percent) 


31.5 

6 

13 

17 

21 

24 





24 


24.6 

5 

27 

32 

35 






35 

Control 

20.9 

1 

39 

57 

65 

73 

75 

75 

76 


76 

16.4 




2 

5 

24 

44 

56 

70 

70 


10.4 






3 

7 

9 

12 

12 


31.5 










0 


24.6 

4 

9 

11 







11 

F. oxysporum 

20.9 

4 

13 

16 

24 

27. 

29 

31 



31 

16.4 




4 

6 

27 

38 

47 

52 

52 


10.4 






3 

7 

12 

14 

14 


was directly correlated with temperature, maximum losses occurring in the 
warmest chamber and minimum in the coldest. A similar correlation with 
temperature was evident for post-emergence losses. 

Some seedlings failed to survive in the control pots, particularly at the 
warmer levels. Fusarium oxysponcm and other fungi and bacteria were 
isolated from such dead seedlings. Nutrient-saturated cultures maintained 
for a long time in closed chambers at high temperatures provided a highly 
suitable environment for the development of a fungal flora. Whether fail- 
ures to survive in such controls were due to lethal effects of temperature 
upon the host, to the saprophytic organisms entering upon death of the host, 
or to direct pathogenic attack by these organisms upon the weakened host, 
could not be determined. Infection of controls with F. oxysporum could be 
directly attributed to contamination as a result of the surface-watering of 
inoculated and control pots in close proximity. By exercising special care 
in handling and watering pots while in the chambers, losses in control pots 
in later tests were reduced to comparatively low levels. 

TABLE 2. — Corrected emergence percentages and post-emergence losses in seedlings 
of Pinus resinosa grown in temperature cham'bers 


Oulture 


Tem- Corrected 

perature, percentage 

degrees C. emergence 


Emergence as 
percentage 
reduction 
of control 


Percentage 

post" 

emergence 

loss 


31.5 24 61.1 

24.6 35 27.9 

Control 20.9 76 11.9 

16.4 77 ............ 1.3 

10.4 74 0.0 

31.5 0 . 100.0 

24.6 11 68.6 100.0 

20.9 31 59.2 89.6 

16.4 54 29.8 8.7 

10.4 70 5.4 0.0 


P. omfsporum 
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Fig. 1. Effects of temperature on damping-off in seedlings of Pinus resinosa in 
quartz-sand cultures -with. heavy’’ inoculations and with^^ light” inoculations of Fma- 
Hum Qxysporum, 

Since seeds germinated at different rates in the varions chambers, the 
emerged seedlings were exposed for different lengths of time to the fungus. 
Therefore, the degrees of post-emergence attack at the several temperature 
levels were not wholly comparable. In order to allow uniform exposure of 
the seedlings with respect to time, two additional experiments \Vere made 
(Series 2 and 3). Seeds of Pimis resinosa were germinated under sterile 
conditions and the seedlings transplanted, when their radicles were 1”3 cm. 
long, to inoculated and control.pots which were then placed in the chambers. 
In Series 2, the standard moderately heavy inoculation procedure was em- 
ployed. In Series 3, this method was modified as follows: the contents of 
a flask of rice inoculum were shaken with 50 cc. of distilled water, and the 
suspension was then used to inoculate two pots of sand. Controls were simi- 
larly prepared with a suspension from sterile steamed rice. Thus, inocula- 
tion was relatively light in Series 3. Damping-off losses were recorded 
periodically during 45 days in Series 2 and for 75 days in Series 3. The 
results are in figure 1. 

Upon completion of these tests, the seedlings were removed from the con- 
trol pots and certain growth responses to the different temperatures were 


TABLE 3. — Mfects of temperature upon the growth of seedlings of Finns resinosa 
in quarto-sand cultures 


Series 

and 

duration 

Tem- 

perature, 

degrees 

0. 

Number 
of seed- 

Average length 
in millimeters 

Average weight 
in milligrams 

Batio 
green 
to dry 
weight 

Survival 
in per- 
centage of 
original 
stand 

lings 

measured 

Boots 

Hypo- 

cotyls 

Green 

Dry 


31.5 

19 

14.7 

40.7 

50.5 

3.8 

14.5 

78.0 


24.6 

30 

15.8 

40.9 

45.8 

5.0 

9.2 

100.0 

Series 2, 

20.9 

30 

19,7 

42.6 

43.8 

5.3 

8.3 

98.0 

4o days 

16.4 

30 

17.0 

39.4 

40.7 

5.4 

7.5 

100.0 


10.4 

30 

16.3 

36.9 

38.1 

4.9 

7.8 

100.0 


31.5 

12 

18.0 

53.0 

57.5 

5.0 

11.5 

56.0 


24.6 

20 

19.1 

47.8 

45.9 

6.7 

6.8 

84.0 

beries o, 

20.9 

25 

19.6 

49.6 

41.9 

8.1 

5.2 

92.0 

7 5 days 

16.4 

27 

18.3 

49.1 

41.2 

7.3 

5.6 

100.0 


10.4 

30 

19.2 

44.8 

40.2 

7.4 

5.4 

100 0 
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measured (Table 3). Pinal stands were expressed as percentages of the 
original plantings. Eepresentative sets of seedlings from both series were 
photographed (Pig. 2). 

Post-emergence losses in both series were correlated with temperature, 
as was emergence reduction in Series 1. Most rapid and greatest losses 



Fig. 2. Representative seedlings of l^inus resinosa grown in temperature chambers: 
A. Chamber I, 31.5<= C.; B. Chamber II, 24.6° C.; C. Chamber III, 20.9° O.j D. Chamber 
lY, 16.4°^ C. ; E. Chamber Y, 10.4° C. The 3 larger seedlings on the left in each set are 
from Series 3 (75 days duration) and those on the right from Series 2 (45 days). Scale 
in centimeters. 

occurred in the warmest chamber ; with decreasing temperatures, total losses 
became less and seedlings were attacked less rapidly. In the same experi- 
ment, variations in temperature affected the development of the host. The 
most rapid growth of tops, as expressed by elongation of hypoeotyls and 
development of leaves, occurred in direct relation to increasing temperatures 



1945] Tint: Environment and Fusaria on Conifers 503 

(Table 3 and figure 2). The warm’’ plants, however, had weaker stems 
and less pigment than the '"cold” ones. The characteristic increasing suc- 
culence with rise in temperature was further reflected in the ratios of green 
to dry weight of the seedlings. The ratios were higher at the higher tem- 
peratures. 

In both series, final stands of controls were reduced at the higher tem- 
peratures. Since some dead seedlings from these controls were infected by 
contaminating organisms and others were free of infection, it was not possi- 
ble to ascertain whether the total reduction was due to infection by these 
eontaminants or to lethal effects of the high temperatures. If the former 
was the case, then unquestionably the higher temperatures predisposed the 
control seedlings to invasion. 

Temperature effects on the growth of Fusarium oxysporum were tested 
in Petri dishes of potato-dextrose agar, adjusted to a final pH of 6 and incu- 



Fig. 3. Effects of several levels of temperature on. the growth of Fusarium oxy- 
sporum on 'potato-dextrose Sigur. 

bated 24 hours at room temperature before distribution to the chambers. 
The 5 dishes in each chamber were covered by continuously moistened cloth 
to equalize as far as possible the humidities at the different temperature 
levels. All the chambers were given normal exposure to light in order to 
subject the fungi to the same conditions which would prevail during the 
inoculation tests, although less fluctuating temperature equilibria could have 
been obtained in darkness. Colony diameter was measured after each 
24-hour period for four days. The daily average diameters at each level of 
temperature are summarized in figure 3. 

The . fungus grew over the entire temperature range. Both in daily- 
increment and total-growth measurements, its maximum growth was at 
approximately 25'" C., growth was slight at 31.5® C. and minimum develop- 
ment was at 10.4® C. The optimum was generally comparable with that of 
25®-30® C. reported for the growth in pure culture of Fusarium oxysporum 
isolated from potato-wilt by Goss (5), although he demonstrated that the 
value varied with the substrate. 
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SUNLIGHT 

Tlie relationsliip of light to the damping-off problem is an indirect one. 
Diurnal and seasonal variations in insolation are the main sources of the 
temperature and moisture fluctuations that occur in the field and affect seed- 
ling development (1). Furthermore, light affects growth and survival 
directly (3, 7, 15, 19, 20). Smith (21) pointed out that the heavy shading 
of seedlings retards growth and prolongs succulence in a manner that may 
contribute to damping-off losses. Since nursery practice commonly employs 
shading in seedling beds, further knowledge is essential on the direct relation 
of light to damping-off . 

The effects of variations in light intensity on the damping-off of conifer- 
ous seedlings were studied in the greenhouse. Slotted screens provided vary- 
ing degrees of illumination (Fig. 4). These were preferred to shading 


Pig. 4. A. Shading-screens providing varying degrees of radiation-intensity rang- 
ing from 0 per cent, upper left, to 100 per cent, lower right. B. View showing manner 
of supporting frames on legs. 


cloths since lath shades are more common in nursery practice. They also 
provided conditions more closely resembling those under a natural canopy 
of vegetation, where plants are alternately exposed to high and low light 
intensities. The panes of the greenhouse were of ordinary clear glass, allow- 
ing most of the light to pass through. 

The screens and supporting frames (12 x 18 x 6 inches) were stiff corru- 
gated paper and were painted on all surfaces with nonreflecting black paint. 
Each frame was supported on legs to raise its lower edge 3 inches above the 
surface of the bench and permit free circulation of air. At the same time 
the light-intercepting area was thus sufficiently elevated over the surfaces of 
the pots so that light intensity, measured with a photo-electric cell (Weston) 
was uniform at all locations in the seedling level. The width and spacing of 
the openings of the screens were planned to permit, after calibration with the 
photometer, various percentages of the light-intensity in the open frame: 
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75 per cent, 50 per cent, 25 per cent, 12 per cent, 6 per cent and 0 per cent. 
(See Pig. .4) Eacli shade frame covered two T-inch pots. 

Duplicate inoculations were made in autoclaved soil (3 parts loam, 2 
sand, and 2 leaf -mold) with Fusarium oxysporum, F. vasinfectum and F. 
avenaceuMj and each pair was tested under a single frame at each level of 
light-intensity. Fifty surface-sterilized seeds of Finns resinosa and of Finns 
sylvestris were sown in each inoculated pot after 5-days’ incubation of the 
fungus. Post-emergence losses of seedlings through damping-off were re- 
corded for 30 days. The tests were carried out on the south side of the green- 
house, the apertures of the screens arranged at right angles to the path of 



Fig. 5. Relation of light-intensity to damping-ofe of Pinus resinosa and Pinm 
sylvestris in sand cultures inoculated with Fusarium oxysporum, F. vasinfectum, and F, 
avenaceum. Data are based upon duplicate trials. 

the sun. Damping-off losses in relation to light-intensities are represented 
in figure 5. 

An additional set of uninoculated seedlings was tested, in duplicate pots, 
in the light-intensity range. The growth characteristics were measured 30 
days after emergence (Table 4) and representative seedlings of both hosts 
grown under each light intensity are shown in figure 6. Succulence in both 
hosts, measured in terms of hypocotyl elongation and ratio of green to dry 
weight, increased with decreasing light-intensities. Root length was opti- 
mum for Finns resinosa in 50 per cent and 75 per cent light and for P. syl- 
vestris in 75 per cent light. The differences in root length, however, were 
probably an index to temperature variations due to the different degrees of 
insolation, although the practice of watering frequently during the day, 
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Fig. 6. Representative seedlings of Tinns resinosa (A) and JPinus sylvestris (B) 
grown for 30 days under different light-intensities (percentages of full light given 
numerically) . 

keeping soil-moistnre content nniform in all pots, tended to keep tempera- 
tures from fluctuating too widely. Below-surface (i-i inch) temperatures 
of the soils on the average varied from 18° to 23° C., and the maximum 
attained in any pot was 28° 0. in pots exposed to full maximum solution. 

The effects of similar light-intensities upon the growth of the fungi were 
measured. Lundeg§.rdh (13) cited instances of the penetration of light rays 

TABLE 4. — Melation of light intensity to the growth of JPinus resinosa and Finns 
sylvestris in autoclaved-soil cultures. Duration of test SO days following emergence 


Plant 


Finns 

resinosa 


Finns 

sylvestris 


Per- 
centage 
of full 
light 

No. of 
seedlings 

Average length 
in millimeters 

Average weight 
in milligr ams 

Ratio of 
green 
to dry 
weight 

measured ~ 

Roots 

Hypocotyls 

G-reen 

Dry 

0 

22 

17.1 

50.8 

30.5 

2.4 

12.7 

6 

30 

17.6 

51.9 

44.4 

4.2 

10.6 

12 

30 

16.1 

48,1 

43.0 

4.7 

9.2 

25' 

30 

17.1 

49.7 

43.2 

4.4 

9.8 

50 

30 

19.9 

46.2 

43.4 

5.3 

8.2 

75 

30 

19.8 

42.7 

43.4 

5.9 

7.4 

100 

30 

16.9 

38.2 

44.0 

5.8 

7.6 

0 

24 

17.0 

45.8 

35.0 

2.7 

13.0 

6 

23 

15.7 

41,2 

32.7 

2.3 

14.2 

12 

22 

16.0 

42.0 

32.5 

3.0 

10.8 

25 

24 

15.1 

37.2 

27,5 

3.1 

8.9 

50 

19 ■ 

13.1 

36.2 

21.1 

3.7 

8.4 

75 

21 

20.2 

37.6 

37.7 

4.6 

8.2 
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Fiff. 1. Adaptation of screens for testing the relation of light intensity to the 
growth of fungi in Petri dishes. 

below the surfaces of soils, measured in terms of the photosynthetic activi- 
ties of soil algae growing at depths of several centimeters. Therefore, in the 
present experiments, the effects of light-intensity on the growth of the fungi 
probably bore some relation to the amount of disease they caused. Petri 
dishes of potato-dextrose agar were seeded with the fungi, five plates of each 
organism for each screen, and- the plates were placed upon platforms at the 
same distance below the screens as were the soil-surfaces in the inoculation 
tests (Pig. 7). After exposure for 4 da}^ the average diameter of the 
colonies under the various screens was measured (Fig. 8). Growth of each 
fungus generally increased with reduction in light-intensity, agreeing with 
the observations of Harter (8), that the vegetative growth of various Fusaria 
was more abundant in the dark. 

Under the conditions of the experiment,, the effects on fungus growth of 
differences in temperature induced by different light-intensities could not 



Pig. 8. Effects of light intensity on the giowth of three species of Fusariwm on 
potato-dextrose agar. 
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be wholly evaluated. Although greenhouse temperatures were maintained 
at 20-24° C., undoubtedly increasing insolation elevated temperatures be- 
neath close-fitting Petri-dish covers. However, at no time were lethally high 
temperatures observed in any plates during the test, and periods of exposure 
of the plates to direct radiant heat, considered on a 24-hour basis, were rela- 
tively short. 

Discussioisr 

Damping-off of Finns resinosa, caused by Fusarium oxysporum, -proYed 
to be directly related to temperature. While high temperatures hastened 
the development of the host, its succulence also increased, so that its resis- 
tance to the fungus was lowered. Thus emergence and post-emergence losses 
were highest at temperatures beyond the optimum for fungus development. 
However, on the whole, the variation in losses in relation td temperature 
appeared to depend upon its effect simultaneously upon both host and patho- 
gen. Increase in losses with mounting temperatures showed the same gen- 
eral progression with time in experiments differing in amount of inoculum, 
thus indicating a host response. On the other hand, the differences ill the 
relative positions of the curves of losses between heavy’/ and light” inocu- 
lations, suggested a relation between the virulence of the fungus and the 
particular temperature conditions. 

An important fact demonstrated by these experiments is the apparent 
existence of a critical temperature below which the host is able to grow and 
escape infection in infected soil. Eoth (18) also described damage caused 
by Fusarium species only at high temperatures at which Pythium and 
Bhizoctonia were relatively harmless. In the present experiments, in both 
light and heavy inoculations of Pinus resinosa seedlings grown at an average 
temperature of approximately 10° C., losses were negligible. This fact 
showed a striking parallelism with other Fusarium wilts whose reactions to 
soil temperatures have been studied (11). These reports have also estab- 
lished minimum temperatures below which the hosts have grown fairly well 
and have escaped serious inf ections : for example, tomato wilt, 19° C.j cab- 
bage yellows, 17° C. j flax wilt, 14° C. This phenomenon obviously is di- 
rectly related to the thermophilic nature of the Fusaria generally, as has 
already been mentioned. The lowest temperature established in the appa- 
ratus of the present experiments, 10° C., probably did not represent the 
actual critical point. At an average of 16° C., the next highest temperature 
available, losses were low during the 75 days following a light inoculation 
of the fungus, and relatively high 45 days after a heavy inoculation. The 
critical point was probably between 10° and 16° C. 

The influence of light upon damping-off was related to its effect upon the 
host and the pathogen. With increasing shade, both the succulence of the 
host and the growth of the fungi became greater, and both apparently con- 
tributed to increasing damping-off losses. These results could be distin- 
guished from any possibh" caused by secondary effects of variations in the 
insolation. Two factors which vary primarily in the field with the amount 
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of snnlight are temperature and moisture. In these experiments, moisture 
variation was minimized through the practice of frequent and uniform 
watering. The abundant moisture further served to cheek rising tempera- 
tures with increasing insolation. Since maximum temperature variations 
were recorded for non-shaded pots, if the light experiments were being 
mainly influenced by secondary temperature variations, then the greatest 
losses could be expected in the unshaded pots. However, the results indi- 
cated that the converse was true, best stands being obtained in full light. 
This indicated that light conditions were affecting the results independently 
of secondary temperature effects. In the field, however, unquestionably 
beneficial effects of full light are lost. Moisture control becomes more diffi- 
cult with higher insolation, and the higher rate of evaporation which results 
causes the soil to dry out more rapidly. This, in turn, permits higher soil 
temperatures and increases possibilities of fungus attack. 

summary 

The relation of temperature variations to damping-off and to the growth 
of the host and pathogen was tested in control equipment. 

Optimum growth of Fusarmm oxysporum -wsi^ favored by a temperature 
of approximately 25° C. Emergence of Pinus resinosa was reduced lethally 
by some higher temperatures in the.range tested, whereas its rate was slowed 
down by the lower levels. In post-emergent development, rapidity of growth 
and succulence of Pinus resinosa increased with rising temperatures. 

Increase in emergence losses and post-emergence damping-off of Pinus 
resinosa was directly correlated wuth increasing temperatures. Both types 
of losses were relatively negligible at an average temperature of 10° C., 
regardless of the amount of the inoculum used. This suggests the existence 
of a critical temperature below which Pinus resinosa may grow and escape 
infection by Fusarium oxysporuniy an organism which otherwise causes rela- 
tively high losses. 

Damping-off losses of Pinus resinosa andi Pinus sylvestris were in direct 
relation to decreasing light-intensities, maximum final stands being obtained 
in full light. This condition was correlated with the increase in succulence 
of the hosts and in growth of three Fusarium lines used in the inoculations, 
with decreasing light-intensities. 

Botanical Laboratory, 

University OF Pennsylvania, 

Philadelphia, Pa. 
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AN APPARATUS FOR THE GROWTH OP PLANTS UNDER 
CONTROLLED TEMPERATURE LEVELS 

H O W A R D T I N T 

(Accepted for publicatioix January 15; 1945) 

INTRODUCTION 

Many descriptions have been published of control chambers suitable for 
experiments on the relation of temperature to plant growth.^* ^ For the 
most part, however, the construction and maintenance costs of apparatus 
limit its general use to relatively few institutions. While such equipment 
has permitted plant studies under a wide range of conditions controlled by 
dependable instruments, some problems may be explored in equipment just 
as adequate for the particular purpose for which it is designed, at relatively 
much lower expense. 

Most apparatus permitting temperature control has been constructed 
according to the incubator principle, providing single temperatures which 
are constantly maintained. However, this is in elfect not comparable with 
natural conditions, where temperatures change according to seasonal con- 
ditions and fluctuate daily within seasonal levels through the influence of 
solar radiation. In order to study the temperature relations of plant dis- 
ease, for example, and to plan experiments comparable to field conditions 
and upon which predictions and recommendations for nursery practice may 
be based, temperatures controlled at various levels should be permitted to 
fluctuate in a similar manner. 

In the course of an investigation of the temperature relations of the 
Pusarium damping-off disease of coniferous seedlings, the writer^ con- 
structed and used an apparatus which successfully met these requirements 
and also embodied certain elements of design which made it adaptable to 
diverse problems in plant physiology, plant pathology, agronomy, etc. 

DESCRIPTION OF APPARATUS 

The apparatus, in its basic form, is a rectangular, insulated chamber, 
divided into compartments and bearing a heating unit at one end and a 
refrigeration unit at the other. Air circulates freely among the compart- 
ments, and in operation an air-temperature gradient is thus established over 
the length of the chamber, ranging from warmest in the compartment ad- 
jacent to the heater to coldest at the refrigerator end. Upon exposure of the 
interiors of the compartments to normal daylight, through glass tops, the 

1 Crocker, W. Organization, equipment, dedication. Contr. Boyce Thompson Inst. 
1: 9~52. 1925. 

2 Davis, H. B., and D. R. Hoagland. An apparatus for the growth of plants in a con- 
trolled environment. Plant Physiol. 3: 277-292. 1928. 

3 Johnson, J. Constant temperature and humidity chambers. Phytopath. 18: 227- 
238. 1928. 

4 Tint, H. Studies in Pusarium damping*off of conifers. III. Relation of tempera- 
ture and sunlight to the pathogenicity of Pusarium. Phytopath. 35: 498-510. 1945 
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teniper^ture in each ehambcr then fluctuates about a different level, the 
greatest deviation from each mean temperature taking place during periods 
of maximum insolation and the least during periods of darkness. 

, Details of the construction are in figure 1. The chamber is built of three- 
fourths-inch -white pine lumber, the bottom and four sides being double- 
-walled, with a dead air-space packed -with sawdust between. Half -inch ply- 
wood panels, inserted into grooves on the inner sides of the chamber, divide 
it into five compartments, which are covered by panes of glass with adjoin- 
ing edges made smooth for close-fitting. The edges of the apparatus upon 
which the covers rest are further insulated with strips of felt. Additional 
compartments at both ends contain the heating and cooling units. These 



Pig. 1. Working drawings of elevations of the control apparatus. 


spaces are separated from the interior of the chamber by additional panels 
and are covered by wooden doors inserted on the inner edges of the appa- 
ratus by hinges (Fig. 2, C, E). All panels are shortened at the top by one- 
quarter inch to permit free passage of air between adjacent compartments. 
In addition, the panels separating the spaces containing the heater and 
refrigerator units are also similarly shortened on the sides. These baffles 
thus permit free conduction of cold or warm air into the apparatus, at the 
same time preventing excessive radiation of heat into the chamber adjacent 
to the heater and freezing of solutions subsequently placed in close proximity 
to the refrigerator coils. Some panels bear holes permitting additional 
circulation of air (Pig. 2, B), which tends to space more evenly the tempera- 
ture increments in the intervening compartments between the two extremes 
established at the ends. 

Galvanized iron on the floor of the apparatus provides a graded surface 
in two directions (Fig. 1) : a one-inch grade over the entire length and a 
half -inch slope from the edges to the center. Water drains towards an out- 
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view as E with refrigerator coil exposed. 

Heat is supplied by electric bulbs housed in a copper container (Fig. 2, 
D), and the degree is controlled by varying the wattage of the hulbs. For 
the continuous and uniform supply of heat, the bulbs remain lighted for the 
duration of an experiment. Since ordinarily they are not visible, it is con- 
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venient to install in the exterior heater circuit an additional bulb in series 
(Pig. 2 , A). A failure of this bulb to light indicates that the heating bulbs 
are inoperative. 

Cold air is supplied by a small refrigeration machine equipped %vith 
thermostatic control, taken from a home-model refrigerator. . The normal 
freezing coil is replaced by a double-pass fin-coil (Pig. 2, P) with an expan- 
sion valve control. The coil maintains low temperatures in the adjacent 
compartment (approximately 8° C. if desired) against the warm air coming 
from the other end of the apparatus. 

The limits of the temperature range that may be established are thus 
conditioned by the relative degrees of heat and cold which are applied at the 
ends, and the spacing of the temperatures between these extremes in the inter- 
vening compartments is established experimentally by regulating the area 
through which air may circulate between adjacent chambers. 

TEMPERATOKE KEGOEDING 

The actual temperatures in each of the chambers, in a 7-day test run with 
heat from a 20-watt bulb and a specific cold-setting, are shown in figure 3. 


/V A l\ l\ rX 



Fig. 3. Temperature record illustrating the levels of temperature secured -withiu the 
air-control chambers over a period of one week, and the manner in which variation 
nnder the influence of insolation took place. Arrows indicate times of defrosting of 
refrigerator coils. The dotted line records the mean daily temperatures of the greenhouse 
during this period. 

The width of the curve lines indicates the variance between the readings of 
2 thermometers, suspended with bulbs at opposite ends of each compart- 
ment. Observations were hourly during daylight, and values for hours of 
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darkness usually were interpolated. In several 24-lionr watches, after tem- 
peratures reached equilibria in darkness, they remained practically constant 
until daylight. 

Diurnal fluctuations of temperature took place at different levels in the 
various chambers. There was a slight lack of uniformity for the two coldest 
chambers, whose values became generally higher as ice was deposited upon 
the freezing coil. Little change, however, was evident for 48 hours follow- 
ing defrosting (indicated in Fig. 3 by arrows). Consequently, in practice, 
the coils w^ere defrosted every other day. 

The sensitivity to variations in light intensity is evident. Maximum rise 
in temperature in the various chambers occurred during greatest insolation, 
bright days showing higher peaks than cloudy days. The sensitivity to light 
is evident in the record for the 5th day (Fig. 3). The morning and early 
afternoon were cloudy and dull, causing relatively slight rises in the tem- 
perature levels. In the late afternoon, however, the sun appeared very 
brightly, and as a consequence a secondary temperature rise in all the cham- 
bers was evident. 

The levels of temperature attained in the several chambers of the appa- 
ratus and their fluctuations are independent of the external greenhouse tem- 
perature, which was controlled during the test. 

The mean temperatures maintained in each chamber for the two days 
following defrosting — 6th day, 6 p.m. to 8th day, 6 p.m. — and their standard 
deviations were : I, 31.5^^ ± 1.3^^ C. ; II, 24.6° db 1.6° C. ; III, 20.9° db 1.4° C. ; 
IV, 16.4° dr 1.5° C. ,* and V, 10.4° dr 1.6° C. The standard error of any 
mean wms 0.3° C. 

COST AND ADAPTABILITY 

The cost of the apparatus was comparatively low. Materials used in con- 
struction totaled approximately $25.00, and the price of the fin-coil, expan- 
sion valve, thermostat, and other installation expenses totaled less than 
$45.00. The compressor is relatively inexpensive, or else refrigeration may 
be furnished by other machines which often are standard equipment for 
many laboratories. Daily maintenance costs are almost negligible. 

The equipment, as described, has been adequate for testing the relation 
of temperature to plant growth and disease,^ when the particular purpose 
was to maintain a temperature range, each level of which duplicated natural 
conditions by increasing within its range under insolation. For other pur- 
poses, extensive modifications are possible. Constant temperatures may be 
secured, either by the exclusion of light, or, if light is essential, by the con- 
struction of a cover containing sources of light which produce no appreciable 
heat, as for instance, fluorescent filament-bulbs. In addition, a rheostat and 
thermostat included in the heating eircuit would provide a more easily con- 
trollable source of heat. 


5 See footnote 4. 
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SUMMARY 

An apparatus is described which permits the investigation of plant de- 
velopment simultaneously at several levels of temperature. The design of 
the equipment allows temperatures in separate compartments to fluctuate 
within their respective levels in a manner resembling the normal diurnal 
range of temperature in the field under the influence of varying degrees of 
insolation. 

Details for the construction of the equipment are given. The cost of the 
materials is relatively low and subsequent maintenance expenditures are 
negligible. 

Botanical Laboratory, 

University OF Pennsylvania, 

Philadelphia, Pa. 


A PRELIMINARY REPORT ON FURTHER STUDIES OP 
PHYSIOLOGIC SPECIALIZATION IN 
USTILAGO HORDED 

T. F. Yu AND 0. T. Fang- 
(Accepted for publication January 15, 1945) 

INTRODUCTION 

In a previous paper (3) was reported an investigation at Nanking Uni- 
versity, whicli led to the discovery of the existence in China of 5 distinct 
physiologic races of covered smnt {Ustilago hordei (Pers.) K. and S.) pf 
barley. These races, numbered C-1 to C-5 inclusive, were differentiated on 
three varieties of barley. On account of the war which forced the removal 
of Nanking University to Szechwan, the smut material was unfortunately 
lost during transit. The study was resumed in Kunming, Yunnan, in 1939. 
The results of the investigations from 1939 to 1943 are presented in this 
report. The literature on physiologic specialization of Ustilago hordei has 
been reviewed by Tapke (2) and Yu (3), and will not be reviewed again in 
this paper. 

MATERIALS AND METHODS 

Numerous collections of Ustilago hordei were obtained mostly from 
southwestern China. Fourteen varieties of barley were inoculated with 
most of these collections, and 4 barley varieties were selected as differential 
hosts. Nanking Nos. 368 and 373, which had been used in the previous 
study (3), were still retained as differential hosts. The two other varieties, 
Himalaya (C.I. 1312), and Excelsior (C.I. 1248), were received through 
the kindness of Dr. V. F. Tapke, United States Department of Agriculture. 
Finland, one of the differential hosts used in the previous investigation, was 
omitted because of its high degree of sterility when grown in this part of 
China. 

The methods used in inoculation were those described by Tapke (1) in 
1935. Inoculated seed was planted at about 2 grams in each of three 3-foot 
rows, with one or two replications. The smut percentages obtained were 
based on counts of the total number of heads per plot of 3 rows. Three 
infection classes were established: resistant class (R), 0-5 per cent smutted 
heads; intermediate class (I), 5.1-20 per cent smutted heads; and susceptible 
class (S), 20.1-100 per cent smutted heads. 

1 Paper No. 23 from the Division of Plant Pathology, The Institute of Agricultural 
Eesearch, National Tsing Hua University. 

Phytopathology extends the courtesy of its journal pages to scientists in other coun- 
tries who are persevering in research under diJBdcult wartime conditions and are tempo- 
rarily deprived of the opportunity for membership in the American Phytopathological 
Society. 

2 The writers take pleasure in acknowledging their indebtedness to Prof. F. L. Tai 
for the stimulating encouragement during the progress of the investigation; to Messrs. 
H. E. Wang and S. Y. Yin for assistance in held experiments; and to Drs. L. Ding, 
Szechwan, and C. S. Wang, Honan, for smut material. 
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TABLE 1- percentages of smutted heads obtained in 5 varieties of^ barley inoeu- 

lated with 9 physiologic races of Ustilago hordei at PHunming, Yunnan^ China, 1941--1943 


Name of 
differential 
host 

Year 


Physiologic 

race number of Ustilago hordei 


tested 

1 

2 

3 

4 

5 

6 

7 

8 

9 



Pct.a 

Pet. 

Pet. 

Pet. 

Pci. 

Pet. 

Pet. 

Pet. 

Pet. 

Himalaya (C.I. 1312) 

1941 

0.0 

0.0 

11.7 

0.0 

0.0 

5.2 

7.1 

0.0 

7.1 

1942 

1.0 

0.0 

13.8 

0.0 

0.0 

6.4 

4.6 


1943 

0.0 

0.0 

7.8 

0.0 

0.0 

6.4 

7.1 

13.8 

4.8 


Av. 

0.3 

0.0 

11.1 

0.0 

0.0 

6.0 

7.1 

9.2 

6.0 

Nanking No. 368 

1941 

2.1 

0.0 

2.3 

4.0 

0.0 

0.0 

0.0 

9.7 

7.5 , 

1942 

0.0 

0.0 

0.6 

4.0 

0.0 

3.6 

0.0 

6.7 

4.8 


1943 

2.0 

0.0 

1.8 

8.8 

0.0 

3.0 

0.9 

10.5 

5.1 


Av. 

1.4 

0.0 

1.6 

5.6 

0.0 

2.2 

0.3 

9.0 

5.8 

Nanking No. 373 

1941 

0.0 

0.0 

6.3 

0.0 

11.0 

18.6 

9.5 

8.7 

18.6 

1942 

0.0 

0.0 

0.0 

6.3 

16.6 

13.6 

5.8 

10.1 

27.9 


1943 

0.0 

0.0 

0.0 

0.0 

14.8 

8.2 

12.3 

11.3 

20.2 


Av. 

0.0 

0.0 

2a 

2.1 

14.1 

13.5 

9.2 

10.0 

22.2 

Excelsior (C.I. 1248) 

1941 

5.4 

13.7 

0.0 

0.0 

0.0 


24.5 

3.6 

10.0 

1942 

6.0 

10.7 

0.0 

0.0 

1.5 

11.8 

21.8 

5.1 

10.4 


1943 

3.6 

8.5 

4.2 

0.0 

0.0 

12.0 

26.1 

7.0 

13.4 


Av. 

5.0 

11.0 

1.4 

0.0 

0.5 

11.9 

24.1 

5.2 

11.3 

Local hulledb 

1941 

39.4 

54.6 

28.0 

47.6 

27.1 

29.6 

28.1 

42.9 

55.0 


1942 

35.3 

52.7 

38.6 

43.1 

50.2 

31.4 

40.5 

47.3 

33.7 


1943 

40.6 

37.2 

29.1 

11.1 

36.3 

40.6 

49.9 

25,6 

43.8 ■ 


Av. 

38.4 

48.2 

31.9 

33.9 

37.9 

33.9 

39.5 

38.6 

44.2 


a Average percentages of smutted heads of 2 or 3 plots, 
b Susceptible check variety. 


RESULTS 

The average percentages of smutted heads produced by the races on the 
differential hosts in 1941, 1942, and 1943 are recorded in table 1 and the 
reactions that serve to differentiate the races of Ustilago hordei are presented 
in table 2. 

TABLE 2. — Relative susceptibility of 4 differential hosts to 9 physiologic races of 
Ustilago hordei 


Differential host 



Reaetiona to each physiologic race 


1 

2 

3 

4 

5 

6 

7 

8 

9 

Himalaya (C.I. 1312) 

R 

R 

I 

R 

R 

I 

I 

I 

I 

Nanking No. 368 

R 

R 

R 

I 

R 

R 

R 

I 

I 

Nanking No. 373 

R 

R 

R 

R 

I 

I 

I 

I 

8 

Excelsior (C.I. 1248) 

R 

I 

R 

R 

R 

I 

S 

I 

I 


aRrrO'-S per cent; 1 = 5.1-20 per cent; and 8 = 20.1-100 per cent infection. 


There are at least 9 distinct physiologic races which can be recognized by 
their effects on 4 varieties of barley (Table 1). The differences in the in- 
fection capabilities are shown more clearly in the following analytical key : 
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Analytical Tcey for identification of 9 physiologic 
faces of TJstilago Jiordei 

Nanking No. 373 resistant 

Nanking No. 368 resistant 
Himalaya resistant 

Excelsior resistant ; 

Excelsior intermediate 

Himalaya intermediate 

Nanking No. 368 intermediate 

Nanking No. 373 intermediate 
Nanking No. 368 resistant 

Himalaya resistant 

Himalaya intermediate 

Excelsior intermediate 

Excelsior susceptible 

Nanking No. 368 intermediate 

Nanking No. 373 susceptible 


Eace No-.' 


1 

2 

3 

4 


5 

6 

7 

8 
9 


Eace 1 is by far the weakest in pathogenicity. In fact, all of the 14 
varieties of barley are resistant to it. Eaces 4, 8, and 9 produced an inter- 
mediate reaction on Nanking No. 368, a hull-less barley introduced from 
Japan. It has been known as highly resistant to covered smut of barley at 
many places in China, 

Of a total of 84 smut collections, many have been tested for only one or 
two years and thus data do not permit a detailed analysis of the prevalence 
and distribution of the races in China. Nevertheless races 1 and 2 evidently 
are widely distributed in China. The former occurred in 33 and the latter 
in 19 of the 84 collections. 

Hanchen and Trebi barleys, which have been included in the 14 hosts, 
were highly resistant to almost all the smut collections. They had, how- 
ever, a few smutted heads when inoculated with certain smut collections. 
When smut spores from either Hanchen or Trebi were used to inoculate these 
same hosts respectively an increase in smut resulted. This indicates that 
some of the smut collections were a mixture of two or more races and that 
there are possibilities of isolating a race or races to which either Hanchen 
or Trebi, or both, will not be resistant. 

summary 


Eighty-four collections of covered smut of barley were obtained from 
many places in China. Fourteen varieties of barley were inoculated with 
most of these collections. 

Nine physiologic races of Ustilago hordei can be recognized by their 
parasitic behavior on four varieties of barley. They have been designated 
races 1 to 9. 

Eaces 1 and 2 were collected more often than the others. But detailed 
analysis of the distribution and prevalence of physiologic races of Ustilago 
hordei in China cannot be made until more records are available. 

It is likely that there are other physiologic races which could be recog- 
nized if more collections were made and more diiferential hosts inoculated. 


Institute op Agricultural Eesearoh, 
Tsing Hua University. 
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APPLICATION OP PENICILLIN TO CEOWN GAhh 
J . G . B R 0 w N A N* D Alice M . Botle- 
(Accepted for publication February 15, 1945) 

The action of crude penicillin on crown gall has resulted in the destruc- 
tion (Pig. 1, B, C) of the treated galls. The results are noteworthy because 
the cause of crown gall, Agrobactermm (Phytomonas) tumefacienSj is a 
Gram-negative bacterium and, as such, member of a group regarded (1, 5, 6) 
as resistant to the action of penicillin. They also are interesting because 
crown gall, the disease concerned, is commonly regarded as incurable, 
although a few chemicals have been reported (2, 3, 4) as curative when 
properly applied. 

The crude penicillin was produced in this laboratory from an improved 
strain of Penicillium notatum obtained from the Northern Eegional Labora- 
tory, Peoria, Illinois. The fungus was grown in a simple apparatus (Pig. 2) 
that can be sterilized in the autoclave. 

Media used for growing Penicillium were modified Czapek-Dox (1) and 
corn-grain juice. The latter was prepared by soaking and afterwards sim- 
mering for a half-hour 50 g. dry weight of corn grains per 1. of tap water. 
The media were steam-sterilized and filtered before use. As a further pre- 
caution, crude penicillin from the cultures was always filtered through a 
Chamberland or a Handler candle. Thus made, the cost of the crude peni- 
cillin is approximately two cents per quart. 

Soft galls were developed on plants of Bryophyllum as a result of inocu- 
lations with a pure culture of Agrobacterium tumefaciens. Crude peni- 
cillin that assayed 6 Oxford units was injected hypodermically into galls 
on young plants and into the stems of the host just below the galls in older 
plants. Growth of galls on young plants was checked, but the galls were 
not killed by one treatment by injection (Pig. 1, B, e) although the resulting 
necrosis was extensive in some eases. In larger galls likewise treated growth 
was checked just above the needle punctures, which accentuated the irregu- 
larity of gall surface. 

The galls were then wrapped with cotton wool soaked in crude penicillin. 
That method of application resulted in retarded growth and browning of 
the small elevations on the surface of the galls; elsewhere there appeared 
to be lack of penetration of the penicillin into the gall. Numerous punctures 
of the galls, made by thrusting a sterile needle through the cotton wrapping, 
were soon followed by the death (Pig. 1, C, e, f ) of the galls. The paren- 
chymatous tissues became brown, vascular strands remained colorless, and 
the internal necrosis was limited to the tissues of the gall. However, some 
superficial injury resulted in normal parts of the stem that were in contact 
with the overlapping cotton wrapping (Pig. 1, C, e, f). Controls were 
unaffected.' 

521 



Fig. 1. A. Effect of crude penicillin in vitro, a, on Agrohacterium (Phytomonas) 
tumefaciens; b, on Staphylococcus aureus; cultures same age, subjected to penicillin at 
same time, from same flask, run simultaneously at same temperature. B, C. Effect of 
crude penicillin in vivo on young gall (B) and on older galls (0) of Bryophyllum ; c, most 
of gall killed as a result of 4 simultaneous hypodermic injections of penicillin but with 
diffusion of chemical apparently incomplete j d, control galls that were approximately 
the same size as galls in c at time of injection; e and f, older galls killed by crude 
penicillin applied through cotton wrapping; e, longer exposed to air, dry and brown; 
f, drying and browning; g, control. All three galls same age and approximately same 
size before treatment. 

be considered as fairly resistant when compared with the sensitivity to 
penicillin of the Gram-positive bacteria {Staphylococcus aureus and Bacillus 
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subtilis).” In our tests in vitro, limited to the cup-method, little, if any, 
difference in sensitivity to penicillin was found when Agrobacterium 
tumefaciens was compared with Staphylococcus aureus. Perhaps neither 
the tests reported by Waksman ct al. nor our tests give a true picture of the 
comparative sensitivity of the two bacteria. In the former paper it is 
stated that the test cultures were run at 37° C, the optimum temperature 
for Staphylococcus aureus but the maximum temperature (9° C-12° C 
above the optimum) for Agrobacterium tumefaciens, considerably to the 
advantage of the former organism. Our cultures were run at room tem- 
perature, 22° C-26° C, below the optimum for Staphylococcus aureus and 
partly below the optimum for Agrobacterium tumefaciens. 



Fig. 2. Diagram of apparatus for producing crude penicillin. 

In conclusion it may be remarked that crown gall, practically world- 
wide in distribution, is particularly serious in the Southwest. The alkaline 
reaction of the soil, mild climate, and the practice of irrigation favor the 
development and spread of the bacterium that causes the disease, and the 
heavy transpiration in a semi-arid atmosphere adversely affects the host. 
Entire orchards have been destroyed by crown gall. In clean soil the galls 
usually first appear on the crowns of plants from which the infection later 
spreads to the roots. The primary source of infection usually can be traced 
to the nursery. Crude penicillin should prove valuable in combating crown 
gall of trees and shrubs in which galls are limited to the crown. Possibly 
it may also be useful in budding and grafting operations in nurseries in 
which crown gall so frequently has its inception. 

University OF Arizona, 

Tucson, Arizona. 


524 


Phytopathology 


[VoL. 35 


LITERATURE CITED 

1. Abraham, E. P., E. Chain, C. M. Pletcher, A. D. G-arbner, K. G. Heatley, M. A. 

Jennings, and H. W. Florey. Further observations on penicillin. The Lancet 
241(2): 177-189. 1941. 

2. Ark, P. a. Chemical eradication of crown gall on almond trees. Phytopath. 31 : 956- 

957. 1941. 

3. Brown, Nellie A. Colchicine in the prevention, inhibition, and death of plant tu> 

mors. Phytopath. 29: 221-231. 1939. 

4. — , Tjjg effect of certain chemicals, some of which produce chromosome 

doubling, on plant tumors. Phytopath. 32: 25-45. 1942. 

5. Chain, E. Penicillin as a chemotherapeutic agent. The Lancet 240(2) : 226. 1940. 

6. Gardner, A. D. Morphological effects of penicillin on bacteria. Nature 146: 837- 

838. 1940. 

7. Waksman, Selman a., Elizabeth Bugie, and H. Christine Beilly. Bacteriostatic 

and bactericidal properties of antibiotic substances, with special reference to 
plant-pathogenic bacteria. Bui. Tor. Bot. Club 71: 107-121. 1944. 


THE MODE OF INFECTION AND THE INCUBATION PERIOD 
IN THE STEM SMUT OF GRASSES, USTILAGO 
SPEGAZZINII (U. HYPODYTES)^ 

George W. Fischer 
(Accepted for publication February 16, 1945) 

INTRODUCTION 

Stem smut caused by Ustilago spegazzinii Hirscli. and TJ. spegazzinii -yax. 
agrestis G. W. Fiscb. and Hirsch. (until recently (9) considered as U, hypo- 
dyies (Schlecht.) Fr.) is a common disease of many grasses in many parts 
of the world. Because of its effect on the host plants and the fact that it 
often attains epiphytotic proportions, the disease has attracted world-wide 
attention. Many species of grasses, in various genera and tribes have been 
listed as hosts (3, 5, 6, 8, 11, 13). It has been shown recently, however (9), 
that some of these records refer to other stem smuts similar in character, but 
caused by U. halopMla Speg., U. nummidaria Speg., and U, williamsii 
(Griff.) Lavrov, species which are morphologically distinct imm U. spegaz- 
zinii and the variety agrestis. The morphological modifications of the host 
caused by stem smut have been especially studied by Feueht (7) and Bond 
(2), showing that parasitic infection results in the development of sterile 
culms bearing an excessive number of internodes and leaves in place of an 
inflorescence. Boss (4) and also Kharbush (10) studied the cytology of 
the fungus. Berkeley (1) called attention to the perennation of the fungus 
in the perennial tissues of the host plants, and this has been noted fre- 
quently since that time. The general biology of the stem smut fungus on 
Elymus arenarius L. was carefully investigated by Bornhovd (3), includ- 
ing inoculation experiments. She tried seedling infection, blossom infec- 
tion, and infection of the young shoots, all with negative results. Bond (2) 
theorized that ^ ^ inf ection takes place at the seedling stage rather than later. 
However, he was unable to germinate the spores of the smut and hence could 
not prove his theory. 

Thus it is seen that in spite of much attention, study, and observation 
by many persons, the mode of infection in this common stem smut of grasses 
has thus far remained undiscovered. It is the purpose of this paper to 
present experimental and observational data which indicate the method of 
infection and the incubation period of the stem smut of grasses, caused by 
TIstilago spegazzinii and the variety agrestis. 

OBSERVATIONAL DATA 

In 1939 stem smut appeared spontaneously in severe proportions in a 
large plot of slender wheatgrass, Agropyron traEhyoaulum (Link) Malte, 

1 Grass disease investigations of the United States Department of Agrieultnre, 
Agricultural Research Administration, Bureau of Plant Industry, Soils, and Agricultural 
Engineering, Division of Forage Crops and Diseases, in cooperation with the Soil Con- 
servation Service, Division of Nurseries, and the W'ashington Agricultural Experiment 
Station, Pullman, Wash. Published with the approval of the director as Scientific 
Paper No. 608. 
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and another of crested wheatgrass, A. cristatum (L.) Gaertner, in the Bureau 
of Plant Industry grass breeding nursery, Pullman, Washington. The plot 
of slender wheatgrass consisted of 1256 spaced, individual plants, represent- 
ing the progenies of 248 selfed head selections. The plot of crested wheat- 
grass consisted of 690 rows, each row resulting from the seed of a single 
plant selection. Both were seeded in the spring of 1937, and headed out 
during the summer. 

Table 1 shows the incidence of stem smut in the slender wheatgrass, 1937- 
1940 (after which the plot was destroyed), and table 2 shows the data for 
the crested wheatgrass, 1937-1943. 

No stem smut appeared until the third growing season, in both the 
slender and crested wheatgrass, and the amount increased sharply in subse- 
quent seasons. These observations are substantiated by similar observations 
in the Strain Trial Planting of Forage Grasses, in cooperation with the Soil 
Conservation Service, Pullman, Wash. These grasses were seeded in the 


TABLE 1. — Comparative incidence^ on a plant hasis, of stem srmit (Ustilago spegas- 
sinii var. agrestis) in the same plot of slender wheatgrass during 1937^0 


Year^ 

Plants^ in plot 

Smutted 

Smutted 


Nuniber 

Number 

Fer cent 

1937 

1256 

0 

0.00 

1938 

1256 

0 

0.00 

1939 

1241 

332 

26.75 

1940 

1234 

427 

34.60 


a The plants were transplanted (spaced) to the field in the spring in 1937. They " 
headed out the same season, and, of course, every season since. 

b The 1256 plants in the plot represented the progenies of 248 selfed head selections, 
of which 129 selections had more or less smut. 

spring of 1939. The first stem smut appeared in 1941, the third season after 
seeding, with a tremendous increase in 1942, 28 and 70 rows, respectively. 

This same observation has been made in the extensive observational row 
nurseries and the seed increase plots of the Soil Conservation Service, at 
Pullman, Washington. The first of these nurseries was seeded in the spring 
of 1936, and a new nursery has been planted each spring since. In these 
several nurseries and in the seed increase plots, no stem smut (due to UsU~ 
lago spegazzinii or the variety appeared before the third growing 

season. 

In addition to the observational data obtained from grass nurseries and 
seed increase plots, the same minimum three-season interim between time 
of planting and the first expression of stem smut has been noted in fields of 
crested wheatgrass in the vicinity of Pullman, Washington. Many fields of 
this grass have been inspected for stem smut and in every case where it was 
possible to ascertain the age of the stand, stem smut was found only in fields 
that were in the third or subsequent heading. 

2 stem smut due to Ustilago williamsii (9) was observed and collected on Stipa &n.d. 
Orgzopsis in earlier headings, indicating that this stem smut species has a dijfferent life 
history. 
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TABLE 2 . — -Comparative mcidence, on a row basis, of stem smut (Ustilago spegaz- 
sinii var. agrestis) in the same plot of crested wheatgrass during 19S7-43^’ b 


No. 

Selection 

No. of 


No. of rows having smut 


Bows 

smutted, 

1943 

rowsc 

1939 

1940 

1941 

1942 

1943 








Per cent 

50 

1 

0 

0 

0 

0 

0 

0 

53 

3 

0 

0 

0 

0 

0 

0 

926 

4 

0 

0 

0 

2 

3 

75 

1916 

11 

0 

3 

7 

9 

11 

100 

1917 

20 

4 

17 

19 

20 

20 

100 

1918 

10 

3 

9 

9 

10 

9 

90 

1919 

12 

4 

12 

12 

11 

12 

100 

1920 

13 

0 

8 

9 

11 

11 

85 

1921 

12 

0 

8 

10 

12 

12 

100 

1922 

15 

4 

5 

5 

7 

10 

67 

1923 

36 

6 

18 

19 

25 

27 

75 

1924 

23 

11 

18 

20 

21 

22 

96 

1925 

19 

8 

12 

13 

16 

17 

89 

1926 

9 

0 

4 

6 

7 

8 

89 

1928 

5 

0 

5 

5 

5 

5 

100 

1929 

7 

0 

4 

4 

5 

7 

100 

1931 

18 

0 

4 

4 

5 

8 

44 

1932 

17 

3 

10 

11 

13 

15 

88 

1933 

4 

0 

3 

3 

4 

4 

100 

1934 

11 

0 

5 

6 

10 

11 

100 

1935 

3 

0 

3 

3 

3 

3 

100 

1936 

7 

0 

6 

6 

7 

7 

lOO 

1937 

19 

5 

17 

18 

18 

18 

95 

1938 

1 

0 

1 

1 

1 

1 

100 

1939 

17 

3 

14 

16 

16 

17 

100 

1940 

3 

0 

3 

3 

3 

3 

100 

1941 

1 

0 

0 

0 

0 

0 

0 

1942 

6 

0 

2 

4 

5 

6 

100 

1944 

8 

1 

1 

1 

1 

2 

25 

1945 

9 

0 

2 

2 

3 

4 

44 

1948 

7 

0 

4 

6 

5 

7 

100 

1950 

6 

1 

4 

5 

6 

6 

100 

1951 

16 

2 

10 

13 

16 

16 

100 

1952 

11 

0 

7 

10 

11 

11 

100 

1954 

16 

2 

14 

15 

16 

16 

100 

1955 

8 

0 

3 

3 

6 

7 

88 

1956 

10 

2 

6 

7 ' 

9 

9 

90 

1957 

7 

1 

4 

3 

2 

6 

86 

1959 

9 

0 

0 

0 

2 

6 

67 

1960 

1 

0 

' 1 

1 

1 

1 

100 

1961 

1 

0 

G 

0 

0 

1 

100 

1962 

6 

0 

1 

1 

■ 2 

2 

33 

1963 

1 

0 

1 

0 

1 

1 

100 

1964 

1 

0 

0 

0 

0 

1 

100 

1967 

2 

1 

2 

2 

2 ' 

2 

100 

1968 

10 

3 

10 

10 

10 

10 

100 

1969 

9 

0 

7 

7 

8 

8 

89 

1970 

10 

4 

5 

6 

6 

8 

80 

1972 

1974 

6 

2 

4 

1 

5 

2 

6 

2 

6 

2 

8 

2 

100 

100 

1975 

5 

2 

5 

5 

5 

5 

100 

1976 

4 

4 

4 

4 

4 

■ 4 

100 

1977 

3 

2 ^ 

2 

3 

3 

3 

100 

1978 

1981 

19 

5 

7 

2' 

11 

4 

12 

3 

15 

4 

16 

5 

84 

100 

1983 

8 

2 

6 

6 

7 . 

8 

100 

1984 

2 ' 

0 

1 

1 

1 

, '■ 1, ■ 

50 



528 


Phytopathology 


[VoL. 35 


TABLE 2. — {Continued) 


No. 

No. of 


No. of rows having smut 


Rows 

smutted, 

1943 

Selection 

rowsc 

1939 

1940 

1941 

1942 

1943 

1985 

11 

0 

1 

1 

1 

2 

Per cent 

18 

1986 

24 

7 

18 

20 

23 

24 

100 

1987 

1 

0 

0 

0 

0 

0 

0 

1989 

15 

0 

3 

1 

3 

8 

53 

1990 

6 

1 

5 

6 

6 

6 

100 

1991 

1 

0 

1 

1 

1 

1 

100 

1992 

5 

3 

5 

0 

5 

5 

100 

1994 

13 

1 

3 

8 

9 

11 

85 

1995 

8 

0 

0 

1 

3 

6 

75 

1997 

14 

6 

10 

13 

13 

14 

100 

1999 

12 

1 

5 

10 

11 

11 

92 

2004 

3 

1 

2 

2 

0 

2 

67 

2005 

1 

1 

1 

1 

1 

1 

100 

2006 

9 

6 

7 

7 

9 

8 

89 

2007 

2 

0 

1 

1 

2 

2 

100 

2008 

5 

1 

4 

5 

5 

5 

100 

2012 

7 

0 

1 

0 

5 

7 

100 

2019 

2 

0 

1 

1 

'2 

2 

100 

2412 

24 

2 

8 

13 

18 

22 

92 

Lind 

selection 

14 

6 

9 

9 

12 

13 

93 

101 

1 

0 

0 

0 

1 

1 

100 

102 

1 

0 

1 

1 

1 

1 

100 

103 

1 

0 

0 

1 

1 

1 

100 

104-6 

1 

0 

0 

1 

1 

1 

100 

Totals 

690 

124 

402 

460 

533 

595 


Percentage 
smut 


18 

58 

67 

77 

86 



a The plants were transplanted from the greenhouse to the field in the spring of 1937 
hut were not space-planted. They headed for the first time during the summer of 1937, 
and since no smut appeared in 1937 and 1938, these years are omitted from the table, 
b This table was prepared by E. J. Kreizinger, formerly Assistant Agronomist, Divi- 
sion of Borage Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural 
Engineering. 

c Each row resulted from seed taken from a single plant selection. 

These data constitute strong circumstantial evidence that Ustilago spegaz- 
zkm and JJ. spegazzinii var. agrestis have a unique life history. It seems 
very probable that the incubation period is at least two years, or, more 
exactly, that symptoms are not expressed until the third heading after infec- 
tion, or even later. Also, the yearly increase of stem smut in the stands of 
slender and crested wheatgrass strongly indicates a plant-to-plant spread 
of this disease. 

EXPEKIMENTAL DATA 

Results of tests with naturally inoculated seed. — From the plot of slender 
wheatgrass in which stem smut was severe in 1939, seed was collected during 
the same season as follows*. (1) from smut-free culms on otherwise smutted 
plants; (2) from smut-free plants with heavily-smutted plants to the wind- 
ward (prevailing S.W. winds); (3) from smut-free plants entirely sur- 
rounded by smutted plants; and, (4) from healthy plants surrounded by 
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healthy plants. -This seed was planted in the greenhouse in wood veneer 
plant bands and the seedlings transplanted to the field in the spring of 1940. 
The plants headed well in 1940 and in three successive seasons, but no stem 
smut appeared in any of them. 

Results of artificial inoculations.— Duviiig the summer of 1939, mature 
plants and blossoms were inoculated with Ustilago spegazzinii var. agrestis 
and seed was inoculated by the vacuum method. The inoculation of mature 
plants was as follows : The plants were clipped back (in August, 1939) to 
within 5 or 6 inches above the ground. They were then sprayed with a 
spore suspension and covered with several layers of wet burlap for 48 hours. 
Crested wheatgrass, slender wheatgrass, and Canada wild rye {Mymus 


TABLE 3 . — ItesuUs of 'blossom, seed, and plant inoctilatior^s of Agropyron traehy- 
caulum, A. cristatumy and Mymus canadensis with stem smut, Ustilago spegazsinii var. 
agrestis. Blossom inoculations performed 193S, seed and plant inoculations, 19S9 



Seed and 


Plant inoculations 


Collection and 
source of 
inoculum 

inoculations, 

Agropyron 

Agropyron 

Mymus 

all species^ 

traAhycaulum 

crlstatum 

canadensis 


1940 1941 1942 

1940 1941 1942 

1940 1941 1942 

1940 1941 1942 


p-C Agropyron 

repens -b - - _ ^ 4 . 

E-D A. cris- 

tatum - _ - _ - 4 - 

E-E A. trachy- 

caulum - ~ “ - - 

E-G- Mymus * 

oondensatus - - - _ 4. 4. 

E-H Agropyron 

spicatum _ - - _ __ 4. 

E“I Mymus 

glaucus -- - ~ - + + 


a Since all seed and blossom inoculation results were negative the data are presented 
in this condensed form. 

b Only the incidence (+) or absence (-) of stem smut is recorded. Percentages of 
infection were not determined, but the amount varied from a trace in 1941 to heavy in 
1942. Eor the sake of brevity the check rows are not included but these were maintained 
for all inoculations and were smut-free. 

canadensis L.) were each inoculated with 6 collections of stem smut from 
different hosts. The inoculated plants headed well in 1940 and subsequent 
years. No stem smut appeared in 1940; in 1941, however, slight infection 
was noted in some of the rows of slender wheatgrass and crested wheatgrass. 
In the summer of 1942 stem smut was abundant in nearly all the rows of 
slender wheatgrass and crested wheatgrass, and in all the rows of the Canada 
wild rye. No smut occurred in the check rows at any time. 

In the experiment involving blossom inoculation whole spikes were inocu- 
lated (during the summer of 1988) with suspensions of stem smut spores, 
using Moore’s portable evacuation method (12). Attention was given to 
different stages represented in the development of the fertilized ovaries, from 
the time of pollination to the medium dough stage. The same grasses and 
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the sEme smut collections were used ss in the plant inoculations. The seed 
from such inoculated spikes were planted in plant bands and the seedlings 
transplanted to the field in the spring of 1939. The plants headed well in 
1939 and in subsequent years, but no smut appeared at any time. 

Also in the spring of 1939, seed of the same grass species was inoculated 
with the same 6 stem smut collections by immersion in aqueous spore suspen- 
sions under partial vacuum. This inoculated seed was planted in the green- 
house and the resulting seedlings were later transplanted to the field. These 
also headed well in 1939 and in subsequent years, but no smut appeared. 

Table 3 shows the success resulting from the plant inoculations and the 
failure with the seed and blossom inoculations. The results with the plant 
inoculations substantiate the field observations that stem smut occurs in the 
third or later heading after planting. The only exception to this that has 
thus far been encountered is seen in the appearance of a very slight amount 
of stem smut in Agropyron traohycaulum and A. cristaium in 1941, in the 
second heading after plant inoculation in 1939. 

It appears that stem smut caused by Ustilago spegazzinii and the variety 
agrestis is not seed-borne, either through blossom infection or external seed 
contamination. Rather, it seems probable that meristematic regions of the 
plants are infected and that this infection is not expressed by sporulation 
before the second heading following infection, and usually not until the 
third and subsequent headings. 

DISCUSSION 

The foregoing experimental data are probably insufficiently exhaustive 
to establish that infection of the host by Ustilago spegazzinii and the var. 
agrestis occurs in the purely vegetative tissues of the host to the exclusion 
of other modes of infection. The experiments which seem to establish this 
important part of the life history need amplification. This is especially 
needed to determine whether or not some injury to the plants is necessary 
at the time of inoculation, and also to determine if susceptible plants of any 
age, from seedling to maturity, can be infected. However, the negative 
results of the seed and blossom inoculations are in support of the infection 
of vegetative tissues. Also in support of the latter, is a vast accumulation 
of observations that indicate the infection of vegetative parts of the host 
during the period of sporulation of the smut, and the lapse of at least 2 years 
between time of infection and the appearance of stem smut symptoms. 

Observations of the incidence of stem smut in stands of crested wheat- 
grass, slender wheatgrass, Elymus spp,, Poa spp. and other grasses during 
the past several years show an alarming tendency for the disease to ^ ‘ build 
up’^ in established stands. This seems entirely in line with the demonstra- 
tion of the ability of the stem smut organism to infect mature plants. It 
seems likely that there is a plant-to-plant spread, once the fungus becomes 
established in a field or other planting. If this should prove to be the ease, 
that stem smut spreads from plant to plant, once established, then the pres- 
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ence of stem smut would certainly be a factor in determining how long to 
maintain a stand of a susceptible species, because stem smut certainly 
renders the affected grass unfit for hay and seed, and possibly for pasture 
also. The control of such a disease would be very difficult, with the only 
practical method lying in the use of resistant varieties. Very little resis- 
tance has been apparent, however, in the plantings and species that have 
been under observation.^ Some salvation may be found in the fact that stem 
smut has such a long incubation period, and in the fact that apparently the 
disease is not seed-borne. Thus it seems probable that plantings of suscepti- 
ble grasses (and most of our locally better species are susceptible) could be 
maintained five years or more, unless there were a heavy initial infection. 

The mode of infection in Ustilago spegazzinii and the var. agrestis, by the 
infection of vegetative tissues, is not new to the biology of the smut fungi, 
but apparently such a long incubation period is unique in this group of plant 
pathogens. There appears to be no record of any other smut fungus in which 
sporulation is delayed until at least the second and usually the third head- 
ing following infection, after which it is perennial in the perennial parts of 
the host. At present a plausible explanation for this phenomenon is entirely 
lacking. 

If, as the data indicate, stem smut caused by Ustilago spegazzinii and the 
variety agrestis is not seed-borne, the question arises as to the source of infec- 
tion in the many grass species which have recently been smutted in the Pull- 
man area. In answer to this question an accusing finger may well be pointed 
at extensive natural stands of quack grass, Agropyron repens. Large 
patches of this grass, very heavily infected with stem smut, are so common 
locally that it seems quite possible that there could be a sufficiently heavy 
spore shower to infect other grasses over a wide area. However, it remains 
for cross-inoculation experiments to definitely prove or disprove this theory. 
Thus far, the infection of crested wheatgrass (A. cristatum), slender wheat- 
grass (A. trachycaulum) , and Canada wild rye (Elymus canadensis) with 
stem smut from local A, repens is in support of the theory. 

SUMMARY 

1. The results are given of seed, blossom, and mature plant inoculations 
with Ustilago spegazzinii said U. spegazzinii agrestis (U. kypodytes 
(Schlect.) Hr.), in the Pullman, Washington, region. 

2. Infection was obtained in Agropyron cristatum, A. trachycaulum, and 
Elymus canadensis, with stem smut spores from several species of Agro- 
pyron and Elymus only by inoculation of mature plants. 

3. Seed and blossom inoculations gave only negative results. No smut 
appeared in several hundred plants of Agropyron trachycauhim grown from 
seed taken from partially infected plants and from plants more or less sur- 
rounded by heavily infected plants. 

3 In table 2, are listed several selections of crested wheatgrass which appear to have 
a high degree of resistance to stem smut. These are being used by E. J. Kreizinger as a 
source of stem smut resistance in crested wheatgrass. 
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4. Tiie period of incubation was at least 2 years, and more often 3 years. 
In the successful inoculation experiments a trace of stem smut appeared in 
the second heading following inoculation, but at the third heading it was 
abundant. In numerous observations of the incidence of stem smut in com- 
mercial plantings, seed increase plots, and nursery rows the stand in every 
case was in at least its third heading. 

5. It is thought that the source of infection lies in the common local heavy 
infestations of stem smut in quack grass, Agropyron repens. Experimen- 
tally, stem smut was induced in A, cristatum, A. irachycauluMf and Elymus 
canadensis with spores from A. repens as inoculum. 

6. It has been observed that stem smut, once established in a stand of a 
susceptible grass, tends to increase rapidly in successive years, thus indi- 
cating a plant-to-plant spread. 

7. Control of such a disease promises to be difficult. Probably the most 
practicable method will be the use of resistant strains of forage grasses. It is 
suggested, also, that because of the long incubation period, stem smut will 
not appear until at least 3 years after a susceptible grass is planted and will 
probably not become much of a production factor for 2 or 3 years more 
(unless there is a heavy initial infection), after which it may be advisable 
to plow up the stand. 

Washington Agricultural Experiment Station, 

Pullman, Washington. 
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the EE action of 21 SPECIES IN THE CUCUEBITACEAE TO 
AETIPICIAL INFECTION WITH CANTALOUPE POWDEET 
MILDEW (EEYSIPHE CICHOEACEAEUM DC.) 

Thomas W. Whitakeri and Dean E. Pryors 
(Accepted for publication February 17^ 1945) 

Powdery mildew (Erysiphe cickoracearum DC.) has been a serious 
menace to the cantaloupe industry in practically all of the producing regions 
of the southwestern States since 1926. In developing a plant breeding pro- 
gram to combat this parasite by means of disease-resistant varieties, it is 
important to know the reactions of other species in the Cucurbitaceae to 
artificial infection with the fungus. This information should indicate possi- 
ble potential hosts in the native, as well as the cultivated, flora. It may 
perhaps furnish a valuable clue in pointing out those genera and species that 
carry genes for disease resistance and, hence, are of possible value for 
hybridization with Cticnmis melo L., the species to which the cantaloupe and 
related melons belong. 

While this survey was by no means extensive, it included representatives 
of many of the genera of the Cucurbitaceae that have been cultivated from 
time to time; also, with one exception, it included the genera of the Cucur- 
bitaceae native in southern California. 

METHODS 

Plants grown in the greenhouse were artificially inoculated in a chamber 
designed for the purpose.^ Within 16 days reasonably precise readings 
could be made of the resistance of individual plants. For convenience in 
recording results, 5 categories based on the extent of mycelium growth and 
degree of sporulation on leaves, cotyledons, and stems were used : 0 indicated 
no macroseopically visible mycelium and 4 indicated abundant mycelial 
growth and conidial production (See Pryor and Whitaker^ for details 
regarding rating the amount of mildew). 

RESULTS 

The reactions of 21 species in 11 genera are recorded in table 1. Seven 
of the 21 species had a high level of resistance to cantaloupe powdery mil- 
dew: Citrullus vulgaris Schrad. (watermelon), Cucumis anguria L. (West 
Indian gherkin), Cyclanthera explodens Naud., G. pedata Schrad., Ecbal- 
Hum elaterium (L.) A. Eich. (squirting cucumber), Luffa acutangula (L.) 
Eoxb. (dishrag gourd), and L. aegyptiaca Mill, (dishrag gourd). 

Three native species were susceptible: Cucurhita foetidissima H.B.K. 

1 Geneticist, TTnited States Department of Agriculture. 

2 Associate Plant Fatbologist— on military leave, 

3 Pryor, Dean E. The influence of vitamin on the development of cantaloupe 
powdery mildew. Phytopath. 32: 885-895- 1942. 

4 Pryor, D. E., and Whitaker, T. W. The reaction of cantaloupe strains to powdery 
mildew. Phytopath. 32: 995-1004. 1942. 
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TABLE 1—The reaction of species in the Cucurlitaceae to artificial infection with 
cantaloupe powdery mildew 


Species 

Ko. plants 


Mildew reaction^ 


tested 

Leaves 

Cotyledons 

Stems 

Benincasa Mspida (Thumb.) Cogn. .. 

21 

0 

0-2 

0-4 

Bryonia dioica L 

9 

0-2 

0-4 

0 

Citrullus mlgaris Schrad 

12 

0 

0 

0 

Cucumis melo L 

100a 

0-4 

0-4 

0-4 

Cucumis sativus L 

100a 

1-4 

3-4 

0-4 

Cucumis anguria L 

4 

0 

0 

0-2 

Cucumis metuliferus E. Mey 

3 

4 

1-2 

4 

Cucurhita pepo L 

100a 

2-4 

2-4 

0-4 

Cucurhita moschata Duch 

100a 

1-4 

2-4 

0-4 

Cucurhita maxima Duch 

100a 

0-4 

2-4 

0-4 

Cucurhita ficiolia Bouch4 

12 

0-3 

2-4 

0 

Cucurhita palmata, S. Wats. 

4 

3-4 

4 

1-4 

Cucurhita foetidissima H. B. K. 

12 

3-4 

4 

1-4 

Cyclanthera explodens Naud 

6 

0 

2 

0-1 

Cyclanthera pedata Schrad 

9 

0-2 

0-2 

4 

EchalUum elaterium (L.) A. Rich 

10 

0-1 

Of 

0 

Echinocystis macrocarpa Greene 

6 

0-2 

- 

0-2 

Lagenaria leucantha (Duch.) Rusby .. 

24 

3-4 

4 

3-4 

Luffa acutangula (L.) Roxb 

3 

0 

0 

0 

Luffa aegyptiaca Mill 

6 

0 

0 

0 

Trichosanthes anguina L 

20 

0-1 

0-4 

0-4 


a 100 plants or more. 

b The mildew reaction often is the range found between plants, indicating, in the 
case 0-4, that some plants were completely immune while others were highly susceptible. 
Thus in some species there is considerable heterozygosity insofar as resistance to powdery 
mildew is concerned. 

(wild gourd), C. palmaia S. Wats, (coyote melon), and EcMnocysiis macro- 
carpa Greene (Chilicotlie mock cucumber). We have found powdery mil- 
dew on plants of Cucurhita foetidissima and C, palmata growing in the wild. 
This indicates that the susceptible native flora may be a source of the fungus 
for infecting cultivated plants. 

No species closely related to Cucumis melo was found with resistance of 
a higher order than that found in C, melo itself. Those genera and species 
having virtual immunity from powdery mildew are probably all too dis- 
tantly related to be of value in attempted hybridization with C, melo. The 
failure to find resistant individuals in a species is no proof of complete sus- 
ceptibility in that species. Had greater numbers of plants been tested, some 
resistant individuals might be expected because of the heterozygosity of 
many of these species. The finding of resistance, however, is definite, since 
the possibility of escape from infection under the conditions imposed is 
extremely remote. 

United States Horticultural Field Station, 

La Jolla, California. 


TECHNIQUE FOK HASTENING FOLIAGE SYMPTOMS OP 
PSOROSIS OF CITEUS^ 

J A M E S M . W A L L A C E 
(Accepted for publication Marcli 8, 1945) 

INTRODUCTION 

The symptoms of the psorosis yirus diseases of citrus have been described 
recently by Fawcett and Bitancourt (4) . As pointed out by these authors, the 
young-leaf symptoms are common to several related viruses, or forms of the 
same virus, affecting citrus. Although the young-leaf symptoms of psorosis 
are sometimes very conspicuous on diseased trees in the field, they are so 
variable and so difficult to detect under some conditions that their absence 
does not necessarily prove that the tree is free of the virus. Furthermore, 
the sealing or bark-lesion symptom (4) of psorosis commonly does not de- 
velop on orchard trees until the trees are from 12 to 16 years old, or older, 
even though the trees have been systemically infected throughout this time, 
having been propagated from diseased buds. 

Fawcett (1, 2, 3) demonstrated that the buds and bark of psorosis-affected 
trees contain virus, and that propagation from diseased trees is the only 
important means of increase and dissemination of psorosis throughout the 
citrus-producing regions of California. 

Fawcett and Cochran (5) were able to infect healthy trees by grafting 
to them small pieces of bark from diseased trees. Their method consisted 
of removing a small disk of bark from the tree to be inoculated and replacing 
it with a disk of equal size from a diseased tree. The hark disks were re- 
moved with a cork-borer, and the completed graft was wrapped with graft- 
ing cloth. These writers showed further that scaling could be induced on 
inoculated trees in less than 5 months if bark patches were transplanted 
directly from lesion areas to healthj^ trees. On the other hand, if the patches 
were taken from normal bark 3 to 6 inches away from the lesions, no bark 
symptoms had developed on inoculated trees within 3 years. This suggested 
that a long time would elapse before bark symptoms would develop on such 
experimentally infected trees, as is the case when trees are propagated from 
normal-appearing buds of diseased trees. 

The transmission studies of Fawcett (1, 2, 3) and of Fawcett and Coch- 
ran (5) consisted primarily of inoculations of field and nursery trees. No 
particular study was made of the time required for symptoms to develop on 
the young leaves of experimentally infected trees, but Fawcett observed such 
symptoms in 5 weeks on shoots that developed from diseased buds placed in 
healthy trees. 

In 1942 the writer began some investigations on this group of virus dis- 

1 Paper No. 527, University of California Citrus Experiment Station, Biverside, Cali- 
fornia. 

2 Associate Plant Patliologist in the Experiment Station, University of California. 
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eases of citrus. One of the first studies was for the development of a stand- 
ardized inoculation technique for use with these viruses, and, particularly, 
for decreasing the time required for leaf symptoms to appear. A useful 
inoculation technique has evolved that commonly induces leaf symptoms on 
young trees within 4 weeks after inoculation, and occasionally in as short a 
time as 15 days. 

INOCULATION METHODS 

In order to make possible the use of large numbers of plants in green- 
house studies, and to shorten the time required to grow the experimental 
plants, the present study dealt chiefly with seedling orange trees having a 
basal trunk diameter of approximately 5 to 8 mm. By seeding in beds under 
lath and later transplanting individual seedlings to 6-inch pots, it was pos- 



PiG. 1. Bark-pat(j]i inoculations of seedling orange trees. A. Stock "tree prepared 
for bark graft, showing peeled bark strip, with leaf attached. B. Bark patch (inoculum) 
in place on stock tree. C. Completed bark graft held in place by rubber tape. 


sible in 5 or 6 months to grow trees suitable for inoculation by means of bark 
grafts. For most of these studies, Homosassa sweet-orange seedlings were 
used. 

The small trunk diameters of the seedlings made it necessary to use 
rectangular pieces of bark instead of round disks for graft-inoculation of 
the trees. A location on the basal portion of the seedling trunk, free of 
thorns or leaf sears, is selected, and the bark is stripped downward after 
making one horizontal and two longitudinal cuts through the bark with a 
razor blade. When possible, the point selected for the bark graft is im- 
mediately below and in line with an attached leaf (Fig. 1). The horizontal 
cut is made in the bark above and close to the leaf petiole. The longitudinal 
cuts extend downward for about an inch, and the distance between these cuts 
is determined by the circumference of the tree and the size of the bark patch 
to be inserted. By using the leaf at the top as a handle,'^ the bark can 
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usually be separated from the wood by a slight outward pull, the leaf remaiu- 
ing attached at the top of the strip of peeled bark. When the bark does not 
peel easily or does not loosen easily at the crosscut, a slight pressure at that 
point with the blade of a knife or scalpel usually loosens it sufficiently so that 
it can be peeled the remaining distance with the fingers. 

The bark to be inserted as inoculum is taken usually from small twigs or 
limbs of diseased trees, and the area from which it is to be obtained is scraped 
very lightly with a razor blade to remove the cuticle and epidermal eells. 
Two horizontal and two longitudinal cuts are then made so as to have a rec- 
tangular piece of bark only slightly smaller than the peeled area of the tree 
to be inoculated. This bark is then pried loose at one of the cut ends, 
stripped from the wood, and placed in position in the seedling tree, its cam- 
bium adjacent to the cambium of the tree. The peeled strip of bark is then 
folded back in position over the inserted bark patch. If the leaf is still at- 
tached to the upper end of the bark to, be folded back, it can be held against 
the trunk with the fingers of one hand while the grafting tape is applied over 
the completed bark graft with the other. Electrician’s splicing compound 
was found to be excellent for this type of grte. This material is a rubber 
tape, one side of which is self-adhering. With the inoculation patch in place 
and the bark strip folded back over it, a small piece of tape is placed over 
the bark patch and the two ends are pressed together tightly on the side of 
the tree opposite the bark patch. The inoculated trees are topped a few 
inches above the bark patch. 

Experiments in which the seedling trees were cut back, as in figure 1, in 
comparison with those in which defoliation or other treatments were em- 
ployed to speed virus invasion and symptom development, demonstrated 
that topping gave the best results. Regardless of the growth condition of 
the trees at time of topping, this treatment stimulated early growth of 
axillary buds, and when growth was rapid, the leaves developing on the 
forced shoots sometimes showed symptoms within 15 days after inoculation. 

SYMPTOMATOLOGY 

The symptoms produced on trees inoculated in the manner just described 
are variable and seem to be affected by numerous factors. The present paper 
deals chiefly with the initial symptoms on the young shoots that develop from 
axillary buds of the topped trees after inoculation. For convenience of 
description, the symptoms are classified as (a) typical young-leaf symptoms 
and (b) shock symptoms. One type, or both types, may be induced, the 
form dependent upon the source of the inoculum. 

Typical Young-Leaf Symptoms, Bark-patch inoculations, with bark 
from infected trees showing neither bark nor twig symptoms, or with normal- 
appearing bark from trees on which some bark lesions are present, sometimes 
result only in flecking and stippling of the newly formed leaves (2, 4) . Such 
symptoms are rather typical of those commonly observed on young leaves in 
the field. Usually, however, the leaves show more chlorotic blotching or 
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spotting, and frequently some of the affected leaves curve downward. In 
the greenhouse, the young-leaf symptoms are retained for a longer time than 
in the field, and, in some cases, as the leaves mature they may show light- 
colored spots or areas which are not the same as the mature-leaf symptoms 
described by Fawcett and Bitancourt (4). The young leaves of the succeed- 
ing fiiushes of growth may or may not have symptoms. When such symp- 
toms do reappear, they are similar to those on field trees, and, as on field 
trees, symptoms occur on only some of the leaves. 



lation orange tree with shock symptoms following bark-patch inoen- 

line with bark u* TT shoots and loss of leaves on shoots arising in 

line with bark patch. B. Healthy control tree grafted with virus-free bark natch Both 

s “ •»••• s“wra.ax 5S 


Trees having these symptoms are not noticeably retarded in growth and 
except for the leaf symptoms are comparable to healthy controls, remaining 
so unless mature-leaf, bark, or twig symptoms develop on them. 

Shock Symptoms. Under certain conditions not yet well understood, 
orange seedlings infected with psorosis virus by the inoculation methods 
described herein have shown severe injury on some of the shoots and leaves 
that develop immediately after the trees are topped. Because such svmp- 
toms have not been induced by re-inoculation or by topping of trees previ- 
ously infected and invaded by the psorosis virus, this reaction is described 
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as a ' ' shock' ' stage of the disease. The first indication of this severe type of 
symptom is that some of the newly developing shoots begin to twist slightly, 
and as growth continues the shoot becomes bowed or curved. The leaves 
that have formed also curve downward and drop upon the least disturbance. 
The tiny growing-point leaves wither and drop, necrotic spots sometimes 
appear on the leaves and the young stems, and at later stages the shoots die 
back partly or completely to the main trunk. , The dead, twisted shoots dry 
and darken and frequently remain attached to the tree for a long time. 

In figure 2, the two upper shoots of tree A show the bending and loss of 
outer leaves typical of a tree in the shock stage. The short shoot, fourth 
from the top, is completely defoliated. Tree B is a control plant which 
received a virus-free bark patch. As a rule, only those shoots arising in line 
with the bark patch will show the shock reaction. Commonly, the shoots on 
the opposite side will appear normal, although at later stages they may have 
only typical leaf symptoms. 

The shock symptoms have been obtained only with the bark-scaling varie- 
ties of psorosis, psorosis A and psorosis B, and are not always induced by 
inoculations with these two varieties of the virus. So far, the results indi- 
cate that with certain strains of the psorosis-A virus, the shock stage of symp- 
toms is induced by bark-patch inoculations irrespective of whether the inocu- 
lum is from normal-appearing bark or directly from psorosis bark lesions. 
The severe shock reaction has resulted in numerous instances when the bark 
patch used as inoculum was from trees that had no bark, twig, or mature- 
leaf symptoms. Thus, the shock reaction, occurring wuthin 2 to 4 weeks on 
the newly developing shoots of small seedling trees that are cut back when 
the bark graft (inoculation) is made, does not appear to be influenced by the 
source of inoculum, that is, whether it is from lesion or non-lesion bark. On 
the other hand, such secondary symptoms as twig and mature-leaf symptoms 
have developed only on trees of these experiments that w^ere infected from 
bark from lesion areas of diseased trees. On such trees the twig and mature- 
leaf symptoms have been observed in some instances within 42 days after the 
inoculation grafts were made. 

In six experiments including 105 infected trees on which records were 
taken 21, 24, and 28 days after inoculation, 82 plants developed symptoms 
within 21 days or less. Within 28 days, symptoms had appeared on all but 
three plants. In many tests all inoculated trees became infected but on 
some occasions the bark patches decayed and no tissue union resulted. Fewer 
failures of transmission result when the outer bark of the bark patches is 
scraped slightly to remove surface dirt and organisms. This is particularly 
desirable when bark from older twigs and limbs is used for inoculum. Even 
when the bark patches are from young, green twigs, removal of the cuticle 
and epidermis is of some benefit in that more surface for callus growth and 
union is provided. 

SUMMARY AND CONCLUSIONS 

Inoculation of young sw^eet-orange, seedlings having a basal trunk diam- 
eter as small as 5 mm. has provided a method of inducing symptoms of the 
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psorosis diseases of citrus in a short time. Small bark patches from diseased 
trees, or from trees to be tested, are placed against the cambium beneath 
strips of bark peeled back for this purpose on the trees to be inoculated. 
Callus forms rapidly and the virus is transmitted. The small stock trees are 

topped to within 2 or 3 inches of the bark patch. 

Psorosis symptoms, either of a severe shock type or of the more or less 
typical young-leaf stippling and blotching usually appear on the growth 
arising from the upper axillary buds after the trees are topped. In some 
instances, inoculated trees have no symptoms during the first cycle of growth 
after topping, symptoms appearing at later cycles. This probably results 
from a delayed movement of the virus into the growing point tissues and its 
failure to invade the newly forming leaves early enough in their develop- 
ment to induce symptoms. Shock symptoms have developed only on the 
forced growth of topped trees not systemically invaded by the virus. 

Inoculated trees that develop the severe shock stage of symptoms during 
the first flush of growth commonly have only typical young-leaf symptoms 
in later flushes and, except for lessened growth during the early shock stage, 
do not differ from the diseased trees that never showed shock injury. If the 
bark patches used for inoculum are taken directly from lesion areas, the 
infected stock trees develop bark and mature-leaf symptoms early, often in 
less than 2 months, and the trees are permanently retarded in growth. 

Inoculation procedure that lessens the time required for symptom de- 
velopment of psorosis-affected orange trees is of value in providing a short- 
time method for transmission studies. With such technique it is now pos- 
sible to conduct large-scale fundamental investigations of the psorosis virus 
diseases, which, because of their peculiarities and their somewhat unpre- 
dictable behavior in the field, have yielded slowly to experimental study. 

An additional feature of these inoculation methods lies in their use in 
connection with the registration of virus-free parent trees for propagation 
of nursery stock. In place of the present practice of periodic inspection of 
trees proposed as bud-wood parents, and the somewhat delayed and not too 
satisfactory field-progeny tests from such trees, the inoculation methods 
described here give promise of providing a short-time test for presence or 
absence of psorosis virus in trees sdected by nurserymen and propagators 
as bud- wood parents. Although further studies may show that the differ- 
ent, known varieties of the psorosis virus — ^namely, psorosis A, psorosis B, 
concave gum, blind pocket, and crinkle leaf, and possibly strains of these 
varieties — ^may differ in symptomatology, present indications are that if 
present in the tissue used for inoculum, any or all of them will induce some 
type of detectable symptom on the first or second flush of growth of the 
inoculated trees. 

Additional study must be completed of such factors as virus strains, virus 
concentration, and type of tissue used for graft-inoculation, in relation, to 
symptomatology of psorosis, before it can be determined whether this method 
can be substituted completely for the present methods of certifying parent 
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trees. At present this inoculation technique is being used to supplement 
the regular inspection method of parent-tree certification and has already 
been of value in eliminating some trees that have been considered for regis- 
tration. In other instances, this method has provided positive substantia- 
tion of the presence of psorosis in certain trees suspected of being diseased, 
but on which reliable symptoms had not been found in the field. If further 
investigations show that negative tests by this method can be relied upon as 
proof that the tree under consideration is free of psorosis virus, it may be 
possible to use this method of indexing almost exclusively in the registration 
of disease-free trees for bud- wood parent trees. 

University of California, 

Citrus Experiment Station, 

Riverside, California. 
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THE INVASION OP THE INTERNAL STRUCTURE OF COTTON 
SEED BY CERTAIN FUSARIA^ 

B . A . E ir D 0 L P H - A G . J . H A R R I S 0 N » 

(Accepted for publication March 12, 1945) 

Experiments recently reported by the writers of this paper (10) show 
that cotton, seed is an exceedingly insignificant factor in the dissemination 
of Verticillinm wilt in California, if indeed, it is a factor at all. In one 
phase of the experiments to determine whether the internal structure of 
the seed may be parasitized by the fungus, cultures were made from 3371 
mature cotton bolls produced on plants severely affected with the disease. 
Of these, the fungus succeeded in reaching the receptacles of only 150 (4.44 
per cent) and penetrated as far as the bases of the placental columns of only 
2 (0.00059 per cent). It never succeeded in reaching the placentae or 
funiculi, much less the seeds. 

Several species of Fusarium were isolated from time to time, not only 
from the roots, stems, receptacles and bases of placental columns, but also 
from those tissues which Verticillium apparently had been unable to reach, 
namely, the placentae, funiculi, and seeds. 

A number of workers have already reported isolating Fusarium from 
the interior of cotton seed; Hansford (8) isolated F. moniliforme Sheld. 
from as much as 25 per cent of the seed with which he worked. He also 
isolated two species of Fusarium of the section Elegans (7). Similarly, 
Elliott (2) reported isolating 1, and Crawford (1) 3 unidentified species of 
Fusarium from within the testa. Not all of these writers expressed opinions 
as to how the fungus reached the inside of the seed, but in some instances 
the inference is that it got there by way of the vascular system. Hansford 
(8) particularly makes it clear that the seed with which he worked was 
from bolls that showed neither external nor internal evidence of disease, 
and he was at a loss to explain the presence of the fungus within the seed. 

Elliott (2, 3) and Crawford (1) presented seemingly irrefutable evidence 
that Fusarium vasinfectum Atk. can, and at times does, invade the internal 
structure of cotton seed and, because of this, they concluded that the disease 
is seedborne. Such a conclusion is not valid, because of the possibilities that 
the fungus may (a) die in the seed before it is planted in the spring, thus 
leaving it as healthy as any other; (b) kill the embryo, thus preventing 
the, production of a plant (Taubenhaus and Ezekiel (11) found this to be 
true to some extent) ; or (e) not be able to attack the seedling from its 
position within the seed, assuming that the fungus is capable of living until 
planting time in the spring and that it does not kill the embryo. Eegardless 
of whether the embryo be killed, if the fungus eau live over in the seed, 

1 Much of the work reported in thig was done under W.P.A. proiects 50-1859 

50-11992 and 50-12456-1). / 

2 Associate Plant Pathologist in the California Agricultural Experiment Station. 

« Agronomist, United States Departmtnt of Agriculture. 
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there is still the possibility that it can establish itself ia the soil winen sue' 
seed is planted. 

Neal (9), Gilbert (6) and Fahmy (5) deny that Fusarium wilt is seed 
borne and base their contention on the fact that, in their experiments, see< 
taken from diseased plants produced healthy plants when planted the fol 
lowing spring. They did not question, however, whether some of the seec 
might have once contained the fungus in a living condition. Ezekiel (4, 11, 
and Taubenhaus (11), on the other hand, not only isolated Fusarium vasin 
fectum from seed taken from diseased plants but also secured diseased plants 
when they planted the seed under controlled conditions. 

Elliott (3) and Crawford (1) have shown that the incidence of interna 
infection in seed is not great, also that the viability of the fungus may b« 
expected to decline sharply three months after the seed is harvested. Thus 
by planting time, the seed containing the viable fungus may constitute <2 
very small percentage of the total and might very easily be missed when 
limited numbers of cultures are made. i 

The sharp disagreement existing in the literature today as to wdiethet 
Fusarium wilt is seedborne stems largely, on the one hand, from the invalid 
conclusion by certain workers that the mere presence of the fungus withiii 
the seed constitutes proof that the disease is seedborne and from the equally 
invalid conclusion by certain other workers that it is not seedborne because 
seed from diseased plants usually yields healthy plants when planted the 
following spring. Apparently time and incidence factors, overlooked by 
many workers, are involved, as the works of Taubenhaus (11), Ezekiel (4, 
11), and Elliott (3) seem to show. The incidence of infection in seed is 
lower in some years than in others, and there is a tendency for the fungid 
to die out rapidly after a time in the seed. Also, a certain amount of the 
seed is killed by the fungus. | 

SEED STUDIES IN CALIFORNIA 

The technique employed in the experiments which showed that iiitenial 
infection of cotton seed by VerticilUum alho-atrum rarely if ever occurs in: 
California has been described in considerable detail (10). Cultures were; 
made in the approved, conventional manner. The results, however, were; 
considerably different from those anticipated: whereas VerticilUum seem-, 
ingly was unable to reach the placentae, several species of Fusarium, which, : 
with the VerticilUum, inhabited the xylem of roots and stems although its 
presence there was not suspected, frequently reached the placentae. Table 1, 
shows the percentage of bolls, the placentae of which yielded Fusaria in cul-: 
ture in 1935 and 1936. The bolls were fully mature but unopened and, aside; 
from being more or less stunted, as they are when the plants have Verti-; 
cillium wilt, they had no disease symptoms whatever, either externally or! 
internally. | 

Since the only symptoms of the plants from which the bolls were taken 
were those ordinarily associated with Vertieillium wilt, a question arose as' 
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to whether any of the several Pusaria associated with Y erticillium in the 
plants might be an active parasite, capable of attacking cotton seedlings 
per se and producing definite symptoms of its ow-n. To prove this point, 
cotton seed produced by cotton plants to all appearances healthy at the 
TJ. S. Cotton Field Station at Shatter, California, was planted in sterilized 
pots and large wooden boxes in the greenhouse at the Deciduous Fruit Field 
Station at San Jose. The soil was sterilized in a steam pressure cooker at a 
local cannery at temperatures varying from 250 to 268° P for 9 to 18 hours, 
the lower the temperature the longer the time allow^ed for sterilization. The 
seed was delinted with concentrated sulphuric acid, washed, drfed, and then 
examined under the microscope for the tiny, bristle-like hairs that often 
persist at the stem end of a seed, even though the testa itself may have been 
charred almost to destruction by the acid. These bristles, when present, 
were scraped off with a scalpel and the seed was surface-sterilized by im- 
mersion in HgCl 2 , 1/1000, for 5 minutes. It was then washed with sterile 
w^ater and planted. 


TABLE 1. — Isolations of Fusaria made from the placentae in tolls of cotton plants 
hnown to he affected with VerticilUum wilt 


Year 

Diseased 

plants 

Bolls 

cultured 

Bolls with placentae infected 
with Fusarium 


No, 

No, 

No, Per cent 

1985 

12 

61 

5 8.19 

1936 

53 

434 

32 7.37 


When the young plants were about 6 inches high, the soil of a given lot 
of pots or boxes was inoculated with homogeneous cultures of one of the 
several species of Fusarium originally isolated from the internal tissues of 
cotton seed, a second lot with another species, a third with another, and so 
on. The inoculations were made as follows*. A sterile steel bar 1 inch in 
diameter was pressed into the moist soil to a depth of 6 inches immediately 
alongside each of the plants. Then a fresh 10-cc maximal slant culture of 
the fungus, growing in a standard culture tube | inch in diameter and 6 
inches long, on 2 per cent Czapeck^s solution agar, was scraped into each 
hole. The hole was then pinched shut. Check plants were similarly treated 
except that inoculum was not placed in the holes. 

Cotton does not grow well in the close confinement of pots or even large 
boxes. The plants were small, but none developed disease symptoms of 
any kind. In the steles of occasional plants were faint brownish streaks, 
but there was no relation between the discolorations observed and the results 
obtained with cultures. 

Cultures were made of tissue taken from the steles of all plants at least 
6 inches above soil level, on Czapeck^s solution agar slightly acidified with 
lactic acid to suppress bacterial growth. At least 4 months had elapsed 
since the soil had been inoculated. The plants were fully mature and had 
produced bolls. The results obtained in three different years are in table 2. 
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. ^^sults of cultures made frorti the steles of cotton plants grown in steam 
sterilized soil infested with Fusaria isolated from seed 


Plants grown in , 

soil inf ested with Plants infected witli Fmarium 

Fiisarium pianxs 


^ 0 , No. No. Percent 

1^37 60 33 55.00 

29 5 17.44 

46 ...... 19 41.30 

18 0 0.0 

1941 32 7 21.87 

6 4 66.66 


It was perfoetly clear from the results obtained in 1937 that the so-called 
healthy seed from which the plants were grown must have harbored the 
Fusaria internally; the severe preliminary treatment given the seed, con- 
sisting of delinting with acid, hand scraping, and disinfecting, precluded 
all possibility of the fungus being carried on the exterior. Yet both the 
inoculated and check plants yielded the same species of Fusariuni abun- 
dantly in culture. Not infrequently plants yielded one or more additional 
species of Fusarium other than the one used to inoculate the sterile soil of 
a given lot of pots or boxes. Such species could have come from only one 
possible source, namely, the so-called healthy seed from which the plants 
were grown. And internal infections of such seed must necessarily have 
taken place in the field by way of the vascular system, since the boils showed 
no internal or external evidence of disease whatever at the time the seed 
was harvested. Original infection of the plant takes place through the roots, 
but no lesions or other symptoms were on the roots at the time cultures 
were made from the steles. In 1939 the percentage of infection in the cheeks 
actually exceeded that in the plants grown in infested soil. Apparently 1937 
was not favorable to natural infection in the field, because the check plants 
raised in 1938 from seed produced in 1937 "were not infected. 

Additional evidence that the Fusaria inhabit the interior of the seed 
was obtained. Seed taken exclusively from bolls the receptacles of which 
had yielded Fusaria in culture was delinted with concentrated sulphuric 
acid, scraped free of bristles, disinfected and washed, and planted in the 
field at the Deciduous Fruit Field Station where cotton had never grown 
before. Checks were provided, but the seed used was so-called healthy seed 

TABLE 3 . — Eesults of cultures made from the steles of fiehhgrown cotton raised 
from seed talcen exclusively from halls the receptacles of which had yielded Fusaria in 
culture 


Material cultured Plants infected with Fusarium 


Nc. Percent 

104 plants raised from seed taken from bolls with 

receptacles infected with Fusarium 26 25.00 

111 plants raised from healthy seed* Cheek 22 19,81 

— — ^ 
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obtained from the Shafter Station. Both lots of plants were of equal vigor 
and without disease symptoms of any kind. 

When the plants were 5 months old, cultures were made from stele tissue 
taken at least 6 inches above ground (Table 3). 

The percentage of plants infected with Pusaria was higher in the lot 
raised from seed taken from bolls the receptacles of which had yielded the 
fungus in culture; but it was also high in plants raised from so-called 
healthy seed, which indicates that the fungus was present in much of the 
seed at the time it was planted. A certain amount of infection may have 
taken place, of course, in the soil which was not sterile and which may have 
harbored the Pusaria, but both lots of plants were equally exposed. 

Internal Infection of the Seed. To make sure that the Pusaria may 
penetrate the interior of the seed by way of the vascular system, seed from 
bolls the receptacles of which had yielded Pusaria in culture was saved, 
acid delinted, scraped free of bristles, surface-sterilized, washed, and cul- 

TABLE 4. — Results of cultures of cotton seed from dolls the recefptacles of which 
had yielded Rusaria in culture 


Bolls with 

Year infected Seed in bolls Seed infected with Fusarkm 

receptacles 



No, 

No, 

No. 

JPer cent 

1938 

10 

277 

72 

25.99 

1939 

19 

537 

113 

21.04 


tured. Bach seed was cut transversely into halves with sterile instruments 
and planted in Petri plates of slightly acidified Czapeck’s solution agar. 
To maintain the identity of each seed, the halves were planted in proper 
sequence on either side of a line drawn across the bottom of each plate with 
a wax pencil, the funicular halves on one side and the mieropilar on the 
other. Not more than 4 seeds (8 halves) were planted to a plate. More than 
i of the seed was infected internally in 1939 and J in 1938 (Table 4). 

Field Inoculations. Because eofton grows poorly in pots, the greenhouse 
studies (Table 2) were repeated in the field at both the San Jose and the 
Shafter stations. Inoculations were made in the spring when the plants 
were 6 inches high, and cheeks were provided. The seed used for planting 
at San Jose was acid delinted, hand scraped, disinfected, and washed ; that 
used at Shafter was treated with Ceresan at the rate of ,3 oz. per 32 lb. of 
seed. Cultures were made from the steles at least 6 inches above ground 
level in the late fall or early winter when the plants were fully mature and 
carrying many bolls. The results are in table 5. 

At Shafter and at San Jose all plants grew normally in the field and 
had no disease sjunptoms of any kind. Again, as in the ease of the pot 
experiments (Table 2), the percentage of infection in the check plants was 
high, in 2 instances actually higher than that of the plants grown in infested 
soil. The reason for this is not elear. 
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Ideutification of the Fusaria.^ The experinientB reported here were con- 
ducted entirely as a side line in connection with a major project to determine 
whether Verticillium wilt is seedborne. Time did not permit a detailed 
study of the many cultures of Fusarium isolated from receptacles, placentae, 
and seed. Moreover, when it was recognized as the result of inoculation 
experiments that these Fusaria were entirely innocuous and seemingly 
natural concomitants of healthy plants and seed, there seemed to be no occa- 
sion for more precise studies. Since the Fusaria discussed here presumably 
inhabit the xylem of cotton plants simply as saprophytes, or at most as 
very weak parasites, the invaded plants and seed, in a broad sense, can be 
regarded as being as healthy as those in which these fungi do not occur. 
This view is not extreme. Somewhat similar, but not entirely analogous, 


TABLE 5. — Results of cultures made from field-grown cotton plant$ produced from 
healthy seed and grown in soil infested with Fusaria 


Locality and year 

Plants grown in 
soil infested with 
Fusarium 

Cheek 

plants 

Plants infected with Fusarium 


No, 

No. 

No. 

Per cent 

San Jose, 1940 

136 


6 

4.41 



13 

2 

15.38 

San Jose, 1941 

115 


51 

44.34 



30 

12 

40.00 

Shafter, 1941 

483 


88 

18.21 



104 

22 

21.15 


instances can be found in the higher animals, including man, whose lower 
intestines swarm with saprophytic organisms. Such a situation is general, 
and the individual is not considered diseased because of their presence. 

Among the Fusaria isolated from xylem in all parts of the plants and 
from the seed, and used in the inoculation experiments, were Fusarium 
moniliforme Sheld., F. oxysporum SchL, and F. scirpl Wollenw. All three 
have been reported on cotton. In addition there was another species, the 
identity of which was never determined. Unfortunately a culture set aside 
for study became contaminated and died. 

With the exception of Fusarium scirpl^ none of the species appeared to 
injure the seed. F. scirpi not infrequently was isolated from immature 
seed that had broken down with a soft, brownish decay. The bolls them- 
selves were to all appearances healthy. Yet it is evident that this fungus 
does not always kill the seed, since plants grown from acid-delinted seed 
in sterile soil often yielded F. scirpi when cultured. It was distinctly less 
frequently isolated, however, from either plant stems or seed than were the 
other species. 

■ SUMMARY 

Several species of Fusarium appear to be innocuous concomitants of 
healthy cotton seed. They reach the seed by way of the xylem which they 

4 Grateful acknowledgment is made to Dn W. €. Bnyder for his invaluable assistance 
in idftntif’vinor ■tT’rioovio 
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seemingly inhabit as saprophytes, since the plants have no disease symp- 
toms whatever. Two have been identified as F. moniliforme Sheld. and 
F. oxysporum Wollenw. A third, F. scirpi, is capable at times of producing 
a soft, brown rot of immature seeds. A fourth species remains unidentified. 
Had time permitted more detailed study, additional species or strains might 
have been recognized. 

University of California Deciduous Fruit Field Station, 

San Jose, California, 
and 

U. S. Cotton Field Station, 

Shafter, California. 
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THE FIELD EE ACTIONS OP CEETAIN OATS HYBRIDS AND 
VARIETIES TO STEM RUST' 

M. B. Moore, H. K. Hates, and E.C. St a km an 
(Accepted for publication March 12, 1945) 

In tlie course of a breeding program for tbe production of disease- 
resistant varieties of oats, crosses were made in 1930-1933 between Bond 
and each of the varieties, Rainbow, logold, Anthony, “Double Cross” A,= 
and “Double Cross” B.^ Selected lines from these crosses have been con- 
sistently resistant to stem rust Puccinia graminis ctvenae Erikss. and Henn. 
in the field until 1943. In this year, however, a liberal sprinkling of large 
pustules, in addition to the usual number of small ones, appeared on nearly 
all of the lines from Bond x Rainbow and Bond x logold crosses. These 
large pustules indicated the presence of races to which these varieties are 
susceptible. The lines from Bond x Anthony and from Bond x “Double 


Fig. 1. Stem rust infection types on field grown plants. Semi-resistant type pus- 
tules on, a, Bond X ^'Double Cross’' ; b, Bond X Anthony. Semi-resistant and susceptible 
type pustules on c, Bond x Eainbow. Susceptible type pustules on d, Tama. 

Cross’’ A and B, on the other hand, were resistant or semi-resistant as indi- 
cated by the development of the small pustules characteristically produced 
by races 2 and 5 on lines from all these crosses. On all of 26 lines of 
Anthony or Double Cross” parentage there were only small pustules, and 
the lines were clearly semi-resistant or resistant. Of 25 lines of Rainbow 
or logold parentage, however, only 3 were completely semi-resistant or 
resistant, while both large and small pustules appeared on 22 lines (Table 
1 and Fig. 1). Vicland and Tama likewise had both types of pustules, and 
in plots in various locations in Minnesota the prevalence was as high as 10 
per cent, with the severity in some eases almost as high. 

1 Paper No. 2213 of the Scientific Journal Series of the Miniu^Hota Agricultural 
Experiment Station. 

2 Lines from (Minota x White Bussian) X Black Mesdag. 
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TABLE l.---Classification of lines of oats for field reaction to stem rust at Vniver- 
sity Farm, St, Paid, Minn, in 194S 



Cross 

No. of lines 

No. of lines 
resistant or semL 
resistant 

No. of lines with 
resistance and 
susceptibility in 
same plant 

Bond X Anthony 

10 

10 


1 i 

X Double Cross A 

14 

■14' 


{ c 

X Double Cross B 

2 

2 


il 

xBainbow 

15 

3 

12 

i ( 

X logold .A 

10 


10 


The oceurrhixee of the two types of pustules, often on the same plant, 
strongly suggested the presence of some race of stem rust other than the 
usual races 2 and 5. For this reason collections were made from each of the 
crosses and from Tama and Vieland and the rust was then identified in the 
greenhouse (Table 2). All of the 9 collections from lines or varieties having 
Rainbow, Ibgold, or Richland parentage (Tama and Vieland from the last) 
yielded only race 8, while 3 of the 4 collections from the Anthony or ^‘Double 
Cross” lines yielded only race 2 and one of them yielded 70 per cent of 
race 2 and 30 per cent of race 8. Such an occasional isolation of race 8 from 
these crosses, supposedly resistant to it, is to be expected since race 8 regu- 
larly causes small resistant type pustules on them. 

It has recently been shown by Stakman and Loegering (3) that races 8 
and 10, closely similar races, have increased during the last few years to 
20.2 per cent of all of the collections made in the United States in 1943. In 
the same year races 2 and 5 comprised 79.1 per cent of the collections. 

Presumably the resistance of the Anthony and ‘‘Double Cross” hybrids 
traces back to their White Russian parentage. Levine and Smith (1) found 
that White Russian and certain White Russian derivatives were resistant 
to races 1, 2, 5, 8, 9, and 10 and susceptible to 3, 4, 6, and 7 while Rainbow, 
logold, and Richland were resistant to 1, 2, 3, 5, and 7 and susceptible to 

TABLE 2. — Paces of stem rust identified from lines and varieties of oats^ 


Cross or variety 


Number of lines 
from which 
rust races 
were 

identified 


Bacest' and number of times 
identified 


Maces ^ 4' ^ Maces 8 4 10 

Bond X Anthony 2 2 

‘‘ xBouble Cross A 1 1 

X Double Cross B Ill 

xBainbow 5 5 

X logold 2 2 

Tama 1 i 

Vieland 1 y 


K taken from large susceptible type pustules whenever they were present. 

No distinction was made betTreen races 2 and 5 or between races 8 and 10 since they 
differ only by a 4 or an X infection type on one differential variety. 
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4, 6, 8, 9, and 10. Smith (2) obtained evidence that resistaiiee of the White 
Russian type to races 1, 2, and 5 was allelic to the resistance of Rainbow to 
1, 2, 3, 5, and 7. He believed the same factor pair was responsible for reac- 
tion to races 8 and 9. As White Russian derivatives proved resistant in 
1943 when race 8 was present, this is further indirect evidence regaixling 
the White Russian factor for resistance. Welsh (4) in 1937 reported that 
lines obtained from a cross of Hajira and Joauette were resistant at low 
temperatures to races 1, 2, 3, 4, 5, 6, 7, 8, and 10. Nevertheless, resistance 
of seedlings to races 1, 4, 5, and 6 w^as influenced by temperature, and there 
was no surety that the resistance would be adequate under field conditions 
if high temperatures prevailed. It appears impossible to decide which of 
the three types of resistance to stem rust is most desirable, although the 
White Russian type was more satisfactory than the Rainbow-Iogold- 
Richland type in 1943. 

The role of the barberry in permitting hybridization between races of 
Puccinia graminis and the resultant production of races having new patho- 
genic capabilities is well known. The possibility of virulent races acquiring, 
by the same means, factors for rapid multiplication, cold resistance, lon- 
gevity — in short, for success in nature — should not be overlooked. Nearly 
all of the stem rust-resistant varieties of oats that have been growni exten- 
sively in northern United States have been of the White Russian or Rainbow- 
logold-Richland types as concerns reaction to stem rust. For a considerable 
number of years their resistance has been sufficient under practical field 
conditions to protect them against appreciable injury from stem rust. The 
field reactions of Richland, Rainbow and logold hybrids in 1943 show the 
desirability of further efforts to obtain oat varieties resistant to all preva- 
lent races, 

Minnesota Agricultural Experiment Station, 

St. Paul, Minnesota. 
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NIGROSPORA ORYZAE (B. AND BR.) FETCH ON MAIZE^ 

J. H. STANDEN2 
(Accepted for publication, March 17, 1945) 

INTRODUCTION AND REVIEW OP LITERATURE 

A rot caused by Goniosporium gecevi B- and K. in ears of maize in Bul- 
garia was described in 1912 by Bubak and Kosaroif (3). Durrell (6) in 
1925 found that tbe same fungus, which he referred to Basisporium gallarum 
Moll, invaded maize kernels and injured the embryo. He observed that 
infection was more prevalent in early varieties than in late ones, and that the 
disease was severe following heavy rains in August and September. Savu- 
lescu and Eayss (19 through 25) found that Nigrospora infection of maize 
in Roumania was prevalent in varieties with a high water content in the ears 
at time of harvest. According to their observations, late varieties were more 
frequently infected than early varieties. This was an apparent contradic- 
tion of DurrelPs observations. According to Raleigh (17) Nigrospora- 
infected seed often produced plants with normal ears if there was no com- 
petition in the hill, but in competition "with strong, healthy plants, plants 
from such infected seed seldom produced normal ears. 

Reddy (18) reported that infection by Nigrospora occurred after trans- 
location ceased in the plant. He found that Nigrospora-infected seed suf- 
fered the most damage at temperatures too low for rapid germination. Seeds 
of certain inbred lines of maize germinated at lower temperatures than others 
and suffered less damage from infection. 

Seed treatment was most beneficial under conditions unfavorable to 
germination of the seed. Reddy found that incidence of infection was lower 
in cobs with a low pH than in those with a high pH. 

In an effort to extend and clarify our knowledge of this disease a study 
w^as made on the pH of the cob, on the maturity of the host in relation to 
prevalence of infection, and on the overwintering of the fungus. 

DESTRUCTIVENESS, GEOGRAPHICAL DISTRIBUTION, AND PREVALENCE 
OP THE DISEASE 

Infection of maize plants by Nigrospora has been reported so widely that 
the disease probably exists wherever maize is grown. The fungus, under 
several different names, has been reported on maize in North America, Asia, 
Europe, New South Wales, and Java (Table 1). In 1939 the author col- 
lected it on an ear of ceremonial corn obtained from the Indian Day School, 
Taos, New Mexico. 

1 Journal paper No. J-1234 of tbe Iowa Agricultural Experiment Station, Ames, 
Iowa, Project No. 95. Tliis paper constitutes one section of a thesis submitted to the 
faculty of the Graduate College, Iowa State College, in partial fulfillment of the re- 
quirements for the degree of Doctor of Philosophy. 

2 The author wishes to express his gratitude to Drs. C. S. Eeddy and I. E. Melhus 
for their guidance in tliis research, and to the many others who have given valuable 
asHistance. 

■ ' : St 
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Although the disease is widespread, most of the estimates of losses to the 
corn crop have been made for the corn belt of the United States. The loss 
in Iowa for 1923 to 1939 was estimated at 3 per cent (Iowa Plant Disease 
Survey records of the Botany Department, Iowa State College). In 1923 
a loss of 30 per cent was recorded for certain cornfields in the State, while 
in 1925 the average loss for the State was 8 per cent. From 1924 to 1938 
Nigrospora dry rot caused a loss in two or more years of 0.5 per cent or more 
in Illinois, Wisconsin, Indiana, and Iowa, according to reports published in 
Plant Disease Reporter Supplements. Losses were more serious in some 
years than in others. The disease was also reported during this period from 


TABLE 1. — Geographical distribution of Nigrospora oryme on maize and synonyms 
under which the fungus has been reported 


Locality 

Fungus 

Date 

North America 



Ohio 

Coniosporium gecevi Bubak 

1912 ( 1) 

Iowa 

Basisporium gallarum Moll. 

1925 ( 6) 

Manitoba, Canada 

Basisporium gallarum 

1938 ( 2) 

New Mexico 

Nigrospora orysae 

1939 

Nwrope 



Italy 

Trichosporium niaydis Sacc. 

1911 (12) 

Bulgaria 

Coniosporium gecevi Bubak 

1912 ( 3) 

Eoumania 

N. oryzae (B. and Br.) Fetch 

1930 

North Caucasia 

N. oryzae 

1933 (11) 

Asia 



Java 

Nigrospora javania Zimm. 

1918 (16) 

Western Siberia 

Basisporium gallarum 

1935 (14) 

Africa 



Gold Coast, Africa 

B. gallarum 

1926 ( 4) 

Kenya Colony, Africa 

N. sphaerica (Sacc.) Mason 

1929 (13) 

Tanganyika Territory, Africa 

N, sphaerica 

1931 (28) 

Australasia 



New South Wales 

B. gallarum 

1931 (15) 


Connecticut, Ohio, Kansas, Missouri, Minnesota, and Massachusetts. Hoppe 
and Holbert (8) isolated Nigrospora frequently from damaged kernels from 
corn belt states, but from only a small percentage of the kernels from south- 
ern and western United States. Koehler and Holbert (10) estimated an 
average annual loss in Illinois of a little over 1 per cent, which may not be 
too high for the corn belt states as a whole. 

Savulescu and Rayss (20) have reported the disease in Roumania, where 
the fungus caused important losses in dent corn. 

The fungus invaded the maize shank, the cob, and the kernels. Durrell 
(6) found that shanks of infected ears were at times so severely rotted that 
the ears were knocked to the ground by mechanical pickers. The invasion 
of the seed, however, probably is responsible for the larger part of the loss 
caused by this fungus. 

Durrell (6) showed that the viability of infected seed was considerably 
lower than that of nearly disease-free seed. Koehler, Dungan, and Holbert 
(9) in 1928 found that, on good soil, seed infected with Nigrospora yielded 
59 bushels as compared with 65 bushels for nearly disease-free seed. 
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Many of the inbreds and single crosses employed in producing hybrid 
seed corn were very susceptible to Nigrospora. In 1938 infection was found 
in 11 of 42 ears of inbred L-317, 9 of 30 ears of Os-426, and 28 of 38 ears of 
1-205. In the same year corn in a 40-acre crossing block in eastern Iowa 
was so severely infected as to be unfit for seed. 

^ Seed corn may appear free of disease and still be severely infected with 
Nigrospora, as indicated by the following experiment. Two rows of kernels 
were taken from each of 20 ears known to be infected. After removal of 
kernels that appeared to be damaged, samples were submitted to each of 
three Federal grain grading agencies, by which they were given a uniform 
grade of No. 1 sound corn. Kernels were then surface disinfected and 
dropped on agar slants. Nigrospora was on 334 of 408 kernels, Fusariwm 



^^ora. Arrows point to 
or other fungi occurred on 58, while 16 appeared to be disease-free. Infected 

Ctifhy kl™" " 

Almost all references to Nigrospora in the literature are concerned with 
and eoUected infected maize culms in New Jersey, 

f261^rtbf mfection. The author has published a note 

(26) on the prevalence of this fungus in arrested axillary shoots and poorly- 
developed secondary ears. In some collections, each of 40 or more arrested 
axillarj shoots were infected. CoUections with 50 to 80 per cent of the shoots 
mfeeted were general. Infection was far more common in smlrpooriy 

I'lr T? developed. Two Nig^o- 

=>No axillary shoots are shown in figure 1. The Nigro- 

' No. 968, ISTorth American Fungi, J. B. Ellis. 
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spora in these tissues, while of little economic importance in itself, probably 
provided an abundance of field inoculum. Spores from infected axillary 
shoots overwintering in the field were viable in October of the following year. 

oveewinteeing and germination op nigrospqea spoees 

An experiment was arranged to gain some idea of the role of the abun- 
dant inoculum produced in arrested axillary shoots and poorly-developed 
secondary ears in the initiation of infection the following season. In the 
fall of 1938 one lot of infected maize tissues, including ears and arrested 
axillary shoots, was buried 2 inches in the soil. A second lot was placed on 
the surface of the soil and covered with a screen wire frame to prevent dis- 
persal by the wind. At intervals in the following spring spores from the two 
lots and from stalks standing in the field were tested for germination by the 
method of Durrell (6). The spores were scattered on a microscope slide 

TABLE 2 . — Viability of Nigrospora spores from infected maize tissues buried in the 
soil, stored on the surface of the soil, and left on standing stalks over winter 


Source of spores and date 
on which overwinter- 

Percentage germination of spores in the following 
spring and summer 

ing began 

Mar. 30 

June 2 

Aug. 10 

Oct. 3 I 

Fall, 1938 ^ 

Buried tissues 

0 




Tissues on soil surface 

15-20 

15 

15-20 

10 

Standing stalks 

50-60 

50-60 





Mar. 26 

June 5 


Oct.l i 

i 

Fall, 1939 




1 

■ : ■ ■ ' , ^ 

Tissues on soil surface 

20 

15-20 



10 

Standing stalks 

70 

60-65 


1 


with a little water and the slide placed in a Petri dish with a few green 
leaves for 12 to 18 hours. Data from these tests and from tests made on 
material stored for overwintering in the fall of 1939 are in table 2. The 
spores from infected tissues overwintering on standing stalks germinated 
much better than spores from tissues on the surface of the soil, while spores 
from buried tissues failed to germinate. The experiments with buried tis- 
sues were not repeated in 1939-1940. By early June most of the standing 
stalks with arrested axillary shoots had been plow^ed down or the stalks had 
been stripped by the wind. Ten per cent of the spores from tissues on the 
surface of the soil germinated long after infection had occurred in the held 
in each of the two years. Spores from material placed on the soil snriace in 

1938 were viable on Oct. 3, 1939, while similar material stored in the fall of 

1939 was still viable on Oct. 1, 1940. 

A few spores in tissues stored iti the laboratory were viable after five 
years : spores from a piece of infected cob stored in the laboratory iti 1934 
were placed in a germinator in 1939, and of f500 or more spores, 2 germinated. 

Many of the spores from the tlmms that were bnried in the ground over 
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winter were broken in a cireumeissal manner which gave them a pill-box 
appearance. The fracture was perfectly smooth and always in the same 
plane, namely, a little to one side and parallel to the equatorial plane of the 
oblate spheroidal spores. Burrell (6) noted a line of fracture extending 

half way around spores that he had treated with nitric acid. 

SLIGHT NIGROSPOBA INFECTIONS IN EARS OP MAIZE 

Cobs so slightly infected with Nigrospora as to escape detection on micro- 
scopic examination were of frequent occurrence. Such infections were de- 
tected by soaking the ears in water about 12 hours, incubating at 100 per cent 
humidity at room temperature for 4 days, and slowly drying for about a 
week. Shorter periods of incubation did not allow all of the slight infections 
to become evident. Examination without the drying period likewise did not 
permit the detection of all of the slight infections. Using this technique, 
well-matured maize ears were tested from eight Iowa localities in 1937 and 
1938. Of 365 ears subjected to microscopic inspection without the treat- 
ment, 10 were found infected. Of 365 ears subjected to the soaking, incu- 
bation, and drying treatment, infection was detected in 66. This would 
indicate the possibility that slight infections in the field in early autumn may 
become extensive if the corn is allowed to remain in the field under condi- 
tions favorable to the fungus. Such a possibility is of especial importance 
in the relation to seed corn. 

RELATION OP pH OP COBS TO INCIDENCE OP INFECTION 

Eeddy (18) observed that corn inbreds in which the pH of the cobs was 
high were frequently infected with Nigrospora, while infection was less com- 
mon in inbreds in which the cob pH was low. He examined 410 ears in 1932 
in which the pH ranged from 4.40 to 4.59 and found one infected ear. In- 
fection was found in 64 of 248 ears in which the pH ranged from 5.40 to 5.79. 
In experiments with the effect of pH on growth of the fungus in pure culture 
no differences in response of Nigrospora were observed over a range of pH 
exceeding that occurring in the host plant. 

In an attempt to explain the relation of cob pH to infection in the field, 
•successive pH readings were made on cobs of corn inbreds with high or low 
incidence of Nigrospora during 1937 and 1938. The data on these tests are 
recorded graphically in figure 2. In the early part of the season pH determi- 
nations were on the entire immature ears. Kernels in the milk stage were 
scraped from the cobs before testing. Later tests were on the cobs with 
kernels removed. Although the pH was uniform for all inbreds early in the 
season, there was a drop in cob pH of inbreds with a low incidence of infec- 
tion as the ears became mature. In 1938 three of six cobs in the low inci- 
dence groups harvested October 3, had a pH of 5.2, 5.5, and 5.6, respectively. 
All three ears were poorly matured, and notations before testing were that 
the pH should be high. The evidence obtained in these experiments indi- 
cated that an ear that matured weU had a cob with low pH. This fact, 
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eoiipled with Beddy's obserYations and with earlier work by Standeii (27), 
indicates that incidence of infection was probably dependent on maturity. 

Inbreds 92^ and 21 presented contrasting examples of the relation of 
maturity to infection. Inbred 21 died early in the field in 1937 and 1938. 
Inbred 92 was late in maturing in both years. In 1937 three frosts had 
occurred by the middle of September, and inbred 92 was killed while still 
immature. Infection was found in 14 of 47 ears in that year. In 1938 the 
first frost occurred late in the fall at Ames, and only 2 ears of 104 harvested 
from inbred 92 were infected. Inbred 21 had Nigrospora infection in 15 of 
59 ears in 1938. This would indicate that, under certain conditions, inbreds 
dying prematurely and inbreds that are still immature at time of frost may 
be attached by a. 

THE EELATION OF MATUEITY AND DEATH OF THE HOST TO 
INCIDENCE OP INFECTION 

Infection was abundant in arrested shoots and poorly-developed secon- 
dary ears. In 1938, infection was observed in 50 of 100 ears harvested from 


TABLE $,^Melation of maturity of maize plants on September 11, and incidence of 
Nigrospora infection in the ears on November 19, 1$$8 


Alatiirity of plants ■ 

No. single 
crosses 

No. ears 

Ears infected 

examined 

No. 

Per cent 

W'ell matured 

101 

492E 

243 

4.9 

Prematiirelv dying 

69 

2717 

731 

19.7 

Immature 

66 

3010 

206 

6.8 


stalks so severely lodged that the ears rested on the ground. In the same 
field 13 of 603 ears harvested from standing stalks were infected. If the 
difference in moisture relationship did not entirely account for the differ- 
ence in infection, this might indicate a relationship betvreen poor maturity^ 
and high incidence of infection. Experiments were arranged to obtain more 
evidence on this relationship. 

A series of 236 single crosses w^as planted in 1938 to provide material with 
a wide range of maturity. On September 11 the plants were examined and 
on the basis of apparent maturity classified into three groups, as prema- 
turely dying or dead, immature, and well matured. The ears were harvested 
November 19 and examined for infection (Table 3). 

The greatest amount of infection ^vas in the group classified as prema- 
turely dying, in which 19 J per cent of the eai's were infected ; but the infec- 
tion (6.8 per cent) in ears of the immature single crosses was significantly 
gfimiet than the 4 J per cent in ears from the well-matured crosses. 

The fungus grew more abundantly on poorly-matured than on well- 
matured ears in the laboratory. Ears, were soaked in water for 12 hours 

* Tl# iabtid linel #f awilw atstoaled aiiabeif only are from a series carried by 
0. S. I«i4y of the Iowa Agfienharal Bjcperiment Station. 

word living tiwnes that have not readied maturity. 

Foorly mitnmd timam art that baft died witlont iMeoming matured. 
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Corn sample and 
year tested 


Not inoculated, 
not incubated 


Not inoculated, 
incubated 


Treated ears 

Inoculated and 
incubated 




Examined 

Infected 

Examined 

Infected 

Examined 

Infected 

1938 

Commercial 

corn . 



19 

4 

42 

35 

1939 

Commercial 

corn . 

35 

0 

12 

0 

35 

35 

Commercial 

corn , 

18 

0 



18 

18 

Inbreds ....... 


29 

3 

30 

12 

30 

28 

Total 


■ 82 

3 

61 

16 

125 

116 


and a portion of Nigrospora culture applied to the butt of the ear. The ears 
were then incubated and dried as for detection of slight infection. Data 
from four tests which included untreated checks and ears incubated but not 
inoculated (Table 4) show that a high percentage of ears that were inocu- 
lated and incubated became infected. The commerical corn samples were 
selected, well-matured ears. In none of these infected ears was sporulation 
detected at a depth in the cob of more than | inch. The inbred ears were 
poorly matured. Sporulation occurred at a depth exceeding inches in 22 
of the 28 infected inbred ears. In the six ears in which infection was not so 
extensive, other fungi such as Monotospora or Fusarmm were established as 
well as the Nigrospora, The limited growth of Nigrospora may have been 
due to these other organisms. 

The retting of the cob, a characteristic symptom of the disease in the field, 
was produced in the laboratory. Twelve samples of poorly-matured cob 
were autoclaved, with sufScient water to keep them moist, in half -pint bottles 
and inoculated with Nigrospora in pure culture. Each sample was com- 
pletely retted in two or three weeks. Twelve well-matured samples subjected 
to the same treatment were not retted. Growth of the fungus was more 
vigorous on the poorly-matured than on the well-matured cobs. To twelve 
samples of well-matured cobs was added extract of poorly-matured cob. 
Growth of the fungus was abundant on these samples, but the cobs were not 
retted. 

In the retting experiment tests were made for pectinase, using the method 

TABLE 5 . — Melation of condition of arrested miliary shoot tissues on Septemher 11, 
17, and S4, to initiation of Nigrospora infection 


Condition of 
tissues 


Intectionhy Nigrospora 

September 11 September 17 September 24 

Examined Infected Examined Infected Examined Infected 


Green 

Partly green, discolored 
Soft and discolored 



558 


Phttopathology 


[Yol. 35 


coupled with Eeddy’s observations and with earlier work by Standen (27), 
indicates that incidence of infection was probably dependent on maturity. 

Inbreds 92* and 21 presented contrasting examples of the relation of 
maturity to infection. Inbred 21 died early in the field in 1937 and 1938. 
Inbred 92 was late in maturing in both years. In 1937 three frosts had 
occurred by the middle of September, and inbred 92 was killed while still 
immature. Infection was found in 14 of 47 ears in that year. In 1938 the 
first frost oecui’red late in the fall at Ames, and only 2 ears of 104 harvested 
from inbred 92 were infected. Inbred 21 had Nigrospora infection in 15 of 
59 ears in 1938. This would indicate that, under certain conditions, inbreds 
dying prematurely and inbreds that are still immature at time of frost may 
be attacked by Nigrospora. 

THE EEHATION OP MATURITY AND DEATH OP THE HOST TO 
INCIDENCE OF INFECTION 

Infection was abundant in arrested shoots and poorly-developed secon- 
dary ears. In 1938, infection was observed in 50 of 100 ears harvested from 


TABLE 3. — Relation of maturity of maize planU on Septemher 11, and ineidence of 
Kii/rospora infection in the ears on November 19, 1&S8 


Muturity of plants 

No. single 
crosvses 

No, ears 

Ears infected 

examined 

No. 

Per cent 

Well matured 

101 

4923 

243 

4.9 

Prematurelv dying 

69 

2717 

731 

19.7 

Immature 

66 

3010 

206 

6.8 


stalks so severely lodged that the ears rested on the ground. In the same 
field 13 of 603 ears harvested from standing stalks were infected. If the 
difference in moisture relationship did not entirely account for the differ- 
ence in infection, this might indicate a relationship between poor maturity^ 
and high ineidence of infection. Experiments were arranged to obtain more 
evidence on this relationship. 

A series of 236 single crosses was planted in 1938 to provide material with 
a wide range of maturity. On September 11 the plants were examined and 
on the basis of ax)parent maturity classified into three groups, as prema- 
turely dying or dead, immature, and well matured. The ears were harvested 
November 19 and examined for infection (Table 3). 

The greatest amount of infection was in the groux> classified as prema- 
turely dying, in which 19.7 per cent of the ears were infected j but the infec- 
tion (6.8 per cent) in ears of the immature single crosses was significantly 
greater than the 4.9 per cent in ears from the well-matured crosses. 

The fungus grew more abundantly on poorly-matured than on well- 
matured ears in the laboratory. Ears were soaked in water for 12 hours 

4 The inbred lines of maisse designated by number only are from a series carried by 
0. B. Beddy of the Iowa AgrienltumT Experiment Station. 

^ The word y immature deslgnatea living tissues that have not reached maturity. 
Boorly matured tissues are thois that have died without becoming matured. 


f 
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Checks 


Treated ears 


Corn sample and Not inoculated, Not inoculated, Inoculated and 

year tested ' not incubated incubated incubated 


Examined Infected Examined Infected Examined Infected 


1938 

Commercial corn 19 4 42 35 

1939 

Commercial corn 35 0 12 0 35 35 

Commercial corn 18 0 ...... 18 18 

Inbreds 29 3 30 12 30 28 

Total. 82 3 61 16 125 116 


and a portion of Nigrospora culture applied to the butt of the ear. The ears 
were then incubated and dried as for detection of slight infection. Data 
from four tests which included untreated checks and ears incubated but not 
inoculated (Table 4) show that a high percentage of ears that were inocu« 
lated and incubated became infected. The coimnerieal corn samples were 
selected, well-matured ears. In none of these infected ears was sporulation 
detected at a depth in the cob of more than f inch. The inbred ears were 
poorly matured. Sporulation occurred at a depth exceeding I J inches in 22 
of the 28 infected inbred ears. In the six ears in which infection was not so 
extensive, other fungi such as Monotos'pora or Fnsarium were established as 
well as the Nigrospora, The limited growth of Nigrospora may have been 
due to these other organisms. 

The retting of the cob, a characteristic symptom of the disease in the field, 
was produced in the laboratory. Twelve samples of poorly-matured cob 
were autoclaved, with sufficient water to keep them moist, in half -pint bottles 
and inoculated with Nigrospora in pure culture. Bach sample was com- 
pletely retted in two or three weeks. Twelve well-matured samples subjected 
to the same treatment were not retted. Growth of the fungus was more 
vigorous on the poorly-matured than on the well-matured cobs. To twelve 
samples of well-matured cobs was added extract of poorly-matured cob. 
Growth of the fungus w^as abundant on these samples, but the cobs were not 
retted. 

In the retting experiment tests were made for pectinase, using the method 

TABLE 5 . — delation of condition of arrested axillary shoot tissues on Septemher il, 
17 f and 21, to initiation of Nigrospora infection 



Infection by Nigrospora 

Condition of 
tissues 

September 11 

September 17 September 24 

Examined Infected 

Examined Infected Examined Infected 

Green 

Partly green, discolored 
Soft and discolored 

3 0 

19 4 

26 14 

6 0 23 0 

4 0 

17 13 19 18 
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of Harter and Weimar (7) in wliicli the enzyme is detected by its ability to 
soften the tissues of sweet potato. No pectinase was fomid in six separate 
tests with extracts of cobs retted in the laboratory, but in each of four tests 
with naturally retted maize tissues the pectinase was present. 

A study of arrested axillary shoots in 1938 furnished evidence on the 
relation of maturity and death of the host tissues to incidence of infection. 
Infection was very common in these shoots. Shoots from inbred lines of 
corn were examined for evidence of infection on September 11, 17, and 24 
(Tables). 

In all collections in which infection could not be detected by the presence 
of spores, portions of the tissue were cultured. In no case was Nigrospora 
detected in portions of the shoots that wei*e still green and firm. In the col- 
lections made September 24, the 19 soft and discolored shoots, of which 18 
were infected, were gathered from consecutive plants of an inbred in which 
The shoots became soft and disintegrated early in the fall, while the 23 green, 
firm shoots were taken from consecutive plants of two inbreds growing a few 
feet from the plants bearing infected shoots. All shoots were rather uni- 
formly exposed to infection, but infection occurred only in tissues that were 
becoming soft and discolored. 

Evidence on the relation of premature death of plants in the field to 
prevalence of ear infection was obtained in the fall of 1940. Several inbreds 
died prematurely after heavy rains in late summer. One of these, inbred 
113, is shown in figure 3 beside a row of inbred 116, the ears of which were 
well matured. Infection was found in 99 of 123 ears of inbred 113, and in 
only one of 126 ears of inbred 116. Inbreds 102, 103, and 104 also died 
prematurely. Infection was found in 14 of 17, 8 of 24, and 5 of 27 ears of 
these lines. 


Because poorly-matured plants were most severely attacked by Nigro- 
spora and because poor maturity is frequently related to the condition of the 
plant roots, an experiment was arranged to test the condition of the roots 
as indicated by the force required to pull the plant from the gronnd. Two 
groups of inbreds were tested, one group in which none of the ears was in- 
fected in 1938, and the other in which from 10 to 50 per cent of the ears were 
infected. Consecutive 3-plant hills of each inbred were pulled by means of 
a lever and spring scale, and the required force recorded in pounds. In 1938 
and 1939 the average force required to pull inbi^eds in which the incidence 
of infection was low 'was almost twice that required for inbreds severely 
attacked by Nigrospora (Tables 6 and 7). 

The force necessary to pull a corn plant has a limited bearing on the con- 
dition of the ear or of the plant as a whole. The roots may be in good con- 
dition, but naturally shallow and therefore relatively easy to pull This was 
true of the three inbreds, 90, 74, and 107, in 1938. On the other hand the 
roots may he in good condition but the stalk severely rotted. This was true 
in 1939 of inbred Ii-317, the ears of which were poorly matured. The differ- 
ence in average pulling force reciuired for the two groups of inbreds, how- 
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ever, was sufficient to indicate strongly a relationsliip between root condi- 
tion and incidence of infection by Nigrospora. No attempts were made dur- 
ing the investigation to determine the cause underlying the weakening of the 


Fig. 3. Condition, of two inbreds, the one with severe Nigrospora mfeetiou in ears, 
the other with little Nigrospora infection following heavy fall rains in 1940. Left, Inbred 
116; Nigrospora infection in 1 of 126 ears. Bight, Inbred 113; Nigrospora infection in 

99' of "123 ears. 

maize roots. It was considered possible that inbreds might have a different 
response, insofar as root condition was concerned, to different seasons and 
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TABLE 6 . — The force required to pull mawe plants with high or low incidence of 
Nigrospora infection in ears, Kovemtyer £0, IdSS 


High incidence of Nigrospora 

Low incidence of Nigrospora 

Inbred 

Force in lb, to pull 1 hill 

Inbred 

Force in lb. to pull 1 MU 

line No. 

Ranges Av. 

line No. 

Eaiigea Av. 


99 

10-164 

95.4 

105 

146-260 

221.8 

L-317 , 

52-144 

101.2 

115 

88-270 

180.0 

102 

52- 96 

70.8 

116 

68-270 

164.2 

2 

5-128 

73.1 

91 

80-164 

113.0 

113 

7- 60 

32.0 

52 

84-236 

158.4 

L-287 ' 

100-260 

147.0 

90 

36-108 

72.8 

SO 

14-164 

95.4 

30 

64-232 

151.6 

21 

12- 96 

55.0 

101 

88-192 

138.4 

81 

28- 92 

56.4 

74 

36-184 

98.0 

85. 

10- 80 

34.9 

107 

20-128 

87.6 


Average of all 



xVverage of all 



hills 

76.1 


hills 

138.4 


a Based on 10 individual hills. 

soils. In the light of the evidence presented on the relation of incidence of 
infection to poor maturity and premature death of the host, the observations 
of other investigators are of interest. 

Hoppe and Holbert (8) observed that Nigrospora was important as an 
ear rot fungus in those years when the maturity of the corn crop was aifected 
by early frost. Koehler and Holbert (10) in describing the symptoms of 
Nigrospora dry rot, said that severely-infected, ears frequently were chaffy. 
The evidence presented in the present paper indicated that chaffy ears were 
attacked because of their poor maturity rather than that the chaffiness was 
caused by Nigrospora, 

TABLE 7 . — The force required to pull maize plants with high or low incidence of 
Nigrospora infection in ears, October ^0, 1939 


High incidence of Nigrospora 


Low incidence of Nigrospora 


Inbred hi lb. to pull 1 hill Inbred Porce in lb. to pull 1 hill 


line No. 

Range* 

Av. 

line No. 

Range* 

Av. 

La-S17 

30-200 

X06.0 

115 

200-365 

285.5 

102 

22-126 

67.6 ' 

116 

155-500 

336.5 

113 

58- 98 

77.6 

91 

102-210 

163.7 

■2 

62-130 

82.8 

52 

50-360 

163.5 

Ir-289 

65-260 

178.9 

90 

65-138 

107.7 

80 

30-102 

61.4 

30 

130-34.0 

252,3 

81 

4-178 

68.3 

101 

22-238 

148.8 

85 

14-238 

107.8 

74 

150-350 

210.0 

L-289B 

115*170 

143.0 

107 

65-210 

101.5 

1*205 

50-240 

mo ' 

■ 14 

158-270 

V' 212,5 


Average of all 



Average of all 



hills 

WSJ 


hills 

191.6 


Based m 10 individual hills. 
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According to Eyker^ Nigrospora “is not responsible for any disease in 
rice, although a constant companion of the plant,” and he has “never found 
any indication ot its being parasitic. It occurs on almost all growing rice 
and if for any reason tissue is injured, it develops abundantly in that area. 
For this reason, it is very bothersome in that in plating of diseased tissue it 
masks the causal organism. ’ ’ 


SUMMARY AND CONCLUSIONS 

Poorly-matured maize tissues were more susceptible to infection by 
Nigrospora than well-matured tissues. Single crosses, separated on the basis 
of visual inspection into poorly-matured and well-matured groups, had a far 
greater incidence of infection in the poorly-matured than the well-matured 
group. Such factors as lodging, stalk rot, root rot, and early frosts, all con- 
tributed to increased incidence of Nigrospora infection in ears of maize. 
Secondary ears and arrested axillary shoots, because of their poor maturity, 
had a high incidence of infection. 

The relation between the pH of the cob and incidence of infection, previ- 
ously reported by Eeddy (18), depended on the lowering of the cob pH as 
the ear matured. In cobs that did not mature well, or that were not mature 
at the time of frost, the pH remained high. Late-maturing inbreds were 
heavily infected in years of early frost, and free of infection when frost was 
delayed. Green tissues did not become infected. 

Infection had been initiated in many maize ears in which Nigrospora 
failed to spread. The growth of the fungus following infection appeared to 
he conditioned by moisture, temperature, and the maturity of the cob. The 
retting of cob tissues, characteristic of the disease in the field, was accom- 
plished in the laboratory, but only by use of poorly-matured cobs. Chaffiness 
of the ear has been described as a characteristic of the disease in the field. 
It is probable that chaffy ears are infected because they are poorly matured. 

Arrested axillary shoots and poorly-developed secondary ears had a high 
incidence of Nigrospora infection. It is probable that these tissues consti- 
tute a principal source of inoculum for the following season. 

Iowa Agricultural Experiment Station, 

Ames, Iowa. 
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ANTHRACNOSB OP GARDEN PEA 

S. H. OlJl AND J. C. Walkee 
(Accepted for publication March 17, 1945) 


INTRODUCTION 

Anthracnose {Collet otrichum pisi Pat.) of pea {Pisum sativum L.) was 
first collected in Ecuador in 1891 (11). Since then it has been noted in 
Wisconsin (7, 8, 17), Connecticut (4), Louisiana (12), Canada (2, 5), Japan 
(6), and Eussia (1). The surveys of pea diseases in Wisconsin made by 
Jones and Linford (7) and Walker and Hare (17) revealed that the disease 
was very prevalent in both 1924 and 1942. 

The disease as it appears in the field has been described by Jones and 
Linford (7) and illustrated by Walker and Hare (17). Brown lesions 
occur on leaves, stems, and pods. It was pointed out by Walker and Hare 
(17) that the symptoms are not readily distinguished in their early stages 
from those of Ascochyta spp. and that the two diseases often occur on the 
same plant. Ordinarily the development of setae and sclerotia of Colleto- 
trichum pisi in the lesions has been taken as the basis of distinction of 
anthracnose from Ascochyta blights. It will be shown later in this paper, 
however, that Ascochyta spp. and G. pisi occur very commonly together in 
the same lesion and that on stems, particularly, the latter does not infect 
independently. It should be pointed out, therefore, that the symptoms 
which have been ascribed ordinarily to anthracnose are, in fact, those of the 
combined effects of one or another species of Ascochyta and 0. pisi. 

The present paper is concerned with isolation and inoculation experi- 
ments, the interaction of the causal fungus with Mycosphaerella pinodes 
(Berk. & Blox.) Stone, the Ascochyta stage of which is most commonly 
associated with Collet otrichum pisi in Wisconsin, and the transmission of the 
latter organism with pea seed. 

ISOLATION EXPERIMENTS 

Collet otrichum pisi grows readily on common artificial media. Cultures 
were obtained usually by placing fragments of diseased tissue in 1-1000 
mercuric chloride for one minute and plating on potato-dextrose agar. In 
1942, many of the resulting colonies contained both G, pisi and Ascochyta 
spp. Beginning early in the season of 1943, isolations were made at inter- 
vals of 7 to 10 days from diseased plants collected in 5 localities in central 
Wisconsin. Fifty or more lesions were used from each collection. At the 
time of the first isolations no acervuli or sclerotia were present on the brown 
lesions. About 75 per cent of the resulting colonies contained Ascochyta spp. 
as well as G, pm. Ten days later lesions had appeared on the stems, and 
setae of the anthracnose organism were present. Young stem lesions bearing 

^ Acknowledgment is made to the China Pound.ation for the Promotion of Education 
and Culture for its encouragement to and financial support of the senior author during 
the period of his graduate studies at the University of Wisconsin. 


565 



566 


Phytopathology 


[VoL. 35 

setae, selected under a binocular, were removed from the stem and plated. 

Of about 300 colonies, nearly 100 per cent contained both C. pisi and Asco- 
chyta spp. In later isolation experiments, when sclerotia had appeared on 
the stem lesions, the percentage of colonies containing Ascoschijta spp. 
gradually decreased. Thus, it became evident that C. pisi was commonly 
associated with Ascochyta in the field. 
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inoculations 

Jones and Vaughan (8) obtained positive results on leaves and stems 
inociilated in the field. Antonova (1) stated that infection of pea seedlings 
was secured with difficulty and only in the presence of wounds. 

The organism, as isolated from naturally infected plants, produced no 
spores on potato-dextrose agar, but it produced abundant, atypical, cylindri- 
cal conidia in a number of liquid media. Conidia produced in modified 
Duggar^s solution^ were usually used for inoculation. A strain which pro- 
duced normal falcate conidia on potato-dextrose agar was later isolated from 
a sector of the original mycelial culture. This strain also produced cylindri- 
cal conidia in liquid media. The pathogenicities of the mycelial and conidial 
types were compared and found to be similar. 

In this study, a large number of inoculations was made in the greenhouse, 
usually on Perfection or Prince of Wales varieties. At least 3 pots, each 
containing 10 to 12 pea plants, were used for each treatment. They were 
inoculated when the fifth or sixth leaf had expanded and the plants were 
8 to 10 inches high. Beyond this stage the first or second leaf tended to 
show signs of senescence, and it was difficult, therefore, to determine whether 
infection had occurred on living or dead tissue. The pots were placed in a 
glass moist chamber for 12 hours before and 24 hours after inoculation. 
Spore suspensions were applied by means of an atomizer. The moisture in 
the chamber was controlled by an atomizer which was so adjusted that nearly 
100 per cent relative humidity was kept without an excess of free water 
accumulating on the plant. The temperature in the chamber varied from 
20° to 23° C. 

The results of a number of similar inoculations varied somewhat, but as 
a rule an average of 3 to 4 leaflets of each plant, usually the lower ones, 
became infected. The lesions appeared as small, depressed, water-soaked 
areas within 2 days after inoculation. Unlike the field symptoms, no brovm 
color was evident until the leaflets were dead. Eeisolation from these 
infected leaflets usually yielded the organism. 

When inoculation and incubation w^ere carried out at 16°, 20°, 24°, and 
28° (1, the number of infected lower leaflets increased with temperature. 
This thermal response was undoubtedly clue in part to the influence of tem- 
perature upon the growth of Collet otriohum pisi It was also evident, how- 

2 Composition of the solution j M/2 dextroRO, 500 ml.; M/2 KNO.^, 200 ml.; M/4 
KHgPOi, 200 ml.; M/10 MgBO^ • 7H^0, 100 ml.; M/100 Fe-tortrate, 1 ml,; A-Z solution, 
1 mt Tim A-Z solution conilsted of: UCl, 0.5 g.; Cu804* SHaO, 1.0 g.; ZnS 04 , 1.0 g.; 
HsBOa, 11.0 g. ; AlgCgO*)^, 1.0 g. ; BnCIa - 2H*0, 0.5 g. ; MnCl,, * 4H.,0, 7.0 g. ; NiSO^ • 6HaO, 
1.0 g.; Co(NO#)t‘ OHA 1.0 g.; flO^ LO g.; KI, 0.5 g,; KBr, 0.5 g.; H*0, 18 liters. 
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ever, that at 24° and 28° C. the lower leaves of pea plants became senescent 
more rapidly, and this was probably an equally important factor in enhanc- 
ing disease development. 

Ill no case in these and many other experiments were any stem lesions 
noted up to one month after inoenlation. Microscopic examination of inocu- 
lated stems and leaflets without lesions showed numerous germinated eonidia 
and many appressoria. In a few eases the inoculated plants were kept in the 
u moist chamber for a longer period. Small colonies of the organism devel- 

! oped on the surface of the stem, but no lesions resulted. The control plants 

showed no disease except an occasional wilting leaflet which yielded no 
fungus when plated. 

Apparently healthy pods were picked from the field at about the canning 
stage, washed in sterile water, and inoculated. The pods w^ere kept in moist 
chambers in an incubator at 20° C. Water-soaked, depressed lesions were 
evident in 5 or 6 days. The lesions reached 4 to 5 mm. in diameter in about 
10 days and usually small, superficial sclerotia appeared at the center. The 
control show^ed no disease development. Four lots of pods of 4 varieties 
were tested with similar results. Examination of a large number of these 
pods showed that the fungus seldom penetrated through the inner pod wall, 
and no infection of the seed underneath was macroscopically evident after 

i s weeks. Seeds from pods of the same stage were removed aseptically into 

a small sterilized moist chamber and were inoculated with eonidia. Lesions 
; were evident in 3 days at 20° C. Acervuli of the sporulating strain and 

I sclerotia of the mycelial strain began to form within a week, 

ji As previous inoculations failed to induce lesions on the stem, several 

! variations in method of inoculation were made. Plants were left in the moist 

j chamber for 48, 60, and 72 hours instead of the usual 24 hours. They were 

I covered with glass jars to maintain a high relative humidity around them 

; for 7 to 10 days after the inoculation period. The stem was wrapped in a 

: moist cloth following inoculation and the cloth was kept moist by frequent 

spraying. None of these methods produced stem lesions. When needle 
■wounds on stems were made just before or immediately after the spore 
suspension was applied, straw-colored lesions developed around the wounds, 
and, if the stem was kept continuously wet, the lesions occasionally developed 
up to 6 mm. in length. The fungus was successfully isolated from the dis- 
eased tissue. Thus it was shovn that the organism developed rather feebly 
f but only as a wound parasite on the stem.^^^^^^^ ^ ^ ^ 

For comparison, parallel inoculations with pycnidiospores of Myco-^ 
sphaerella pinodes were made. Numerous brown lesions appeared both on 
stems and leaves. Except for the absence of sclerotia and acervuli, these 
lesions were comparable or identical to those observed in the field from whieli 
Colletotrichum pisi was isolated. The lesions were usually so numerous that 
they nearly covered the stem and leaf surfaces when the concentration oi: 
spores in the suspension was about the same as that used with C. pin. The 
; inoculated plants usually were killed in 10 or 14 days, although the spore 

I concentration in the inoculum was considerably reduced. 
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PENETRATION 

Penetration of the host hy Collet otricJiiim pisi has been described and 
illustrated by Jones and Vaughan (8). In view of the irregularity of infec- 
tion secured in inoculation experiments, the extent of penetration in leaves 
and stems was studied. At different intervals after inoculation thin layers 
of tissue were removed, cleared with laetophenol, and stained with cotton 
blue. A majority of the spores had germinated, and appressoria were abun- 
dant at 24 hours. The percentage of infection pegs from appressoria ivhich 
had pierced the cuticle of the leaf tissue was very low. Moreover, penetra- 
tion was never observed in stem tissues, although numerous appressoria 
formed on the surface of stems. This is in accord with the fact that infec- 
tion of iin wounded pea stems was never attained in the inoculation experi- 
ments. ■ . 

INTERACTION MYCOSPHAERELLA PINODES AND 
COLLETOTRICHUM PISI 

In view of the fact that anthracnose lesions were found commonly on 
stems in nature, it was postulated that they resulted when the organism 
followed a primaiy invader. Since M. pinodes was isolated most commonly 
along with C. pisi from such lesions, the interaction of these 2 fungi in in- 
fection was studied in the greenhouse. Pycnidiospores of M, pmodes nnd 
eonidia of C. pisi were suspended together in water and the suspension 
applied with a brush to stems of pea plants in a moist chamber. Brown 
lesions typical of i¥. pinodes resulted. Prom these brown lesions, howwer, 
C, pisi was also reisolated readily. The same results were secured when the 
spores of M. pinodes were applied first and those of C. pisi 3 days later. 
Thus it was demonstrated that C. pisi may establish itself readily in pea 
stems when it infects at the same time as M. pinodes or following it. Under 
the conditions of these experiments, the rate of disease development was very 
rapid. The symptoms were more typical of M. pinodes alone, and sclerotia 
and setae of G. pisi did not develop, as is the case in the field. This differ- 
ence is believed to be accounted for by the rapidity with which M. pinodes 
killed plants. 

SEED TRANSMISSION 

Since seed transmission of Collet otrichuni pisi had not been previously 
demonstrated several hundred seeds from each of several commercial lots 
were plated on potato-dextrose agar. No C. pisi was found. Twelve hun- 
dred seeds from badly diseased pods were removed carefully and plated; 
from 5 of these, colonies of G. pisi developed. About 200 artificially inocu- 
lated seeds were plated at 6 and 10 months after inoculation. All of them 
yielded (L pm. This showed that the organism penetrated the seed only 
occasionally in nature, but once it infected the seed it might live for a con- 
si<lerable period, perhaps a year or more, without losing its vitality. It is 
that sclerotia are carried with the seed as contaminants. 


DISCUSSION 

anthracnose in the field during certain 
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seasons lias often given the impression that the disease is a serious one. The 
isolation and inoculation experiments reported in this study show, however, 
that although Golleiotrichum pm may occur as an independent i^athogen 
on leaves and pods, it is impotent on stems. Its common association with 
Ascochyta spp. on stems indicates that one or another of these fungi com- 
monly serves as the primary aggressor in lesions which are commonly inter- 
preted as ‘'anthracnose lesions” because sclerotia and setae of C. pisi are 
more conspicuous than the fruiting bodies of Ascochyta. This is particu- 
larly true with stem lesions which can not, apparently, be initiated by C. pisi. 

In its role as a secondary parasite C. pisi is not unlike many other an- 
thracnose organisms. Colletotrichum gloeosporioides Penz. commonly occurs 
on citrus without becoming an active parasite (3, 10, 15). C. falcatum Went 
establishes itself only after wounds (19). The cotton anthracnose organism 
{Glomerella gossypii (South.) Edg.) produces more conspicuous, more 
numerous, and more typical lesions when associated with the angular-leaf- 
spot organism {Phytomonas malvaceanim (BPS) Bergey et al.) (18). Col- 
letotriclmm circinans (Berk.) Voglino develops on senescent lower leaves of 
onion but not on vigorously growing leaves (16). G. coffemium Noack is 
found on living as well as die-back twigs of coffee, but the primary predis- 
posing factor for the die-back is premature leaf fall due to Hemileia vast a- 
trix B. et Br. (9). Shear and Wood (14) noted in their investigation that 
leaves and fruits of many plants collected in the field or in the greenhouse 
developed anthracnose (Glomerella cingulata (Atk.) S. & S.) when placed 
in a moist chamber. Roberts (13) isolated G. cingulata commonly from 
apple stem cankers caused by other pathogens. 

It would appear from these studies that anthracnose is not so destruc- 
tive a disease of pea as it may commonly appear upon casual observation. 
In epidemics of the disease, stem lesions are the most striking evidence of 
severe damage. In view of the fact that the organism appears to be incapa- 
ble of acting as an independent parasite on stems, at least without the aid 
of wounds, and in view of the fact that Ascochyta spp. were isolated regu- 
larly from lesions in which Collet otrichum pisi was present, its importance 
has undoubtedly been overestimated. . This overestimation is the more likely 
because, in the case of Mycosphaerella pinodes particularly as a forerunner, 
G. pisi fruits and produces sclerotia readily on lesions, while the former pro- 
duces pycnidia relatively sparsely. It is only upon plating lesions on agar 
that the presence of the 2 organisms is revealed with certainty. It is also 
quite possible that other foliage pathogens of pea may act as predisposing 
agents for the anthracnose organism. 

SUMMARY 

Colletotrichum pisi has been interpreted occasionally as a serious patho- 
gen of pea in Wisconsin. 

Extensive isolation experiments showed that in a majority of cases Asco- 
chyta spp. were isolated along with C. pisi from so-called typical anthrac- 
nose lesions. 
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In greenhouse inoculation experiments no infection of stems was secured 
except for feeble development around needle wounds, while infection of 
leaves was confined to those that were mature or senescent. Detached pod^ 
were infected 'when inoculated in a moist chamber. 

■When steins were inoculated 'with a mixture of spores of Mycosphaerella 
innodes and C. jnsi, or when those of the latter were applied several days 
after inoculation with the former, lesions resulted which were similar to 
young '/anthracnose^' lesions secured in the field. 

Studies of C. pm on leaves and stems shoAved that although conidia 
germinated readily and appressoria were formed, only a small percentage of 
the latter produced penetrating hyphae on leaves, while no penetration was 
observed on stems. 

It is concluded that, in the main, C. pisi acts as a secondary pathogen in 
the. field, particularly insofar as the conspicuous stem lesions are concerned. 

Five out of 1200 seeds from naturally iiifeeted pods yielded C. pisi, show- 
ing that the latter may be seed-borne. 

UmvERSiTv OP "Wisconsin, 

Madison, Wisconsin. 
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PHYTOPATHOLOGICAL NOTES 


Physiologic Specialization in Helminthosporium gramineum Bahh . — 
Physiologic specialization in the fungus that causes barley stripe has been 
reported by several workers, but generally the specialization has not been 
clear-cut. Atlas has been reported resistant to stripe in Wisconsin,^ although 
it is susceptible in Calif ornia.^ Kecently a stripe culture pathogenic to Atlas 
was isolated from a naturally infected Pj plant in the greenhouse at Madi- 
son. This culture, designated 6HA2, was tested on Oderbrueker (C.I. 4666) 
and Colsess IV (C.I. 5979), and on Atlas (C.I. 4118) from three sources. 

TABLE 1.^ — Beaetion of Barley varieties when inoculated tvUh different cultures of 
Eelmi7ithospormm gramineum Babh., Madison^ Wisco?isin, X944 





Stripe r eactioir^ of barley varieties 


Culture 

Triala 

number 

Wisconsin 

Atlas 

California 

Atlas 

01.4118 

Atlas 

Oder* 
brucker 
Wis. Ped. 
5-1 

Colsess 

IV 

0-1 

1 

Per cent 

0 

Per cent 

0 

Per cent 

Per cent 

82 

Per cent 


2 

9 

0 

0 

91 

90 


3 

3 

0 

0 

85 

91 


4 

0 

0 


86 

80 


Ave. 

3 

0 

0 

86 

87 

GHA2 

1 

50 

7 


0 



2 

77 

71 

85 

0 

68 


a 

89 

92 

98 

0 

96 


4 

72 

64 


3 

77 


Ave. 

72 

59 

92 

1 

80 

45-2 

2 

5 

0 

0 

100 

100 


4 

0 

0 

0 

93 

100 


Ave. 

3 

0 

0 

97 

100 


a Trials were started on the following dates: 1 on Mar. 10, 1944, 2 on Oet. 13, 1944, 
3 on ISTov. 21, 1944, and 4 on Dee. 8, 1944. 

b The reaction in each trial is the average of 2 replications. 

The Wiseonsin Atlas had been carried in the breeding program for a number 
of years, the California Atlas was obtained from C. A. Suneson at Davis, and 
the C.I. 4118 Atlas was in the C.L collection grown by E. G, Shands at Madi- 
son in 1942. The reactions of these varieties to 3 stripe cultures are shown 
in table 1. Cultures C-1 and 45-2 have been used for several years in 
varietal trials, and are of "Wisconsin origin. 

The Atlas from the 3 sources reacted similarly, although the one from 
Wisconsin was slightly more susceptible. Atlas was reKsistant to C-1 and 
45-2, but susceptible to GHA2. Oderbrueker was susceptible to C-“l mid. 
45-2, but highly resistant to GHA2, Colsess was suseeptible to all 3 cul- 

1 Shands, H. L., and D. G. Aniy. Stripe reaction of spring barley varieties. Phyto- 
path. 34: 572-585. 1944. 

2 Snneson, C. A., and Sylvia 0. Santoni. Barley varieties resistant to stripe. (Note.) 
Jonr. Amer. Soe. Agron. 35: 736-737. 1943. 
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tures. These results show that stripe culture GHA2 is pathogenically dis- 
tinct from cultures C-1 and 45-2.— D. C. Aeny, Departments of Agronomy 
and Plant Pathology, University of Wisconsin, Madison, Wisconsin. 
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Nenufiode Infection of Croft Easter Lilies, ~A i^relimmary survey of 
greenhouses in the State of ■Washington during April, 1944, showed a rather 
general infection of Croft Easter lilies by the bud and leaf nematode., 
Aphele 7 ichoides olesistus (Kitzema Bos) Steiner and Buhrer. Field exami- 
nations of lily plantings during the summer of 1944 also showed the infec- 
tion to be rather general throughout areas producing this crop. 

Infected plants (greenhouse forced and field grown) have strongly 
undei'curled leaves which become bronzy and later turn brown and die. This 
condition had been previously observed by McWhorter^ and named ‘‘die- 
back,” Experience to date indicates that this symptom can be used in the 
field for identifying infected plants. 

Microscopical examination of 155 lily plants with diebaek revealed heavy 
infections of this bud and leaf nematode in all bronzed leaves. No other type 
of foliage earned inf ectio^^^^^ 

Diebaek plants were dug during September, 1944, and the bulbs re- 
planted without treatment in October on soil that had never produced lilies, 
but had been used for many years as a chicken run. Examination of these 
bulbs at regular intervals following planting shows a constant infection of 
Aphelenchoides olesistus in all stages of development,, between the growing 
tip (next yearns foliage and bloom) and its surrounding scales. The num- 
ber of nematodes per bulb has varied from 3 to 900. 

These observations confirm the fact that diebaek of the Croft Easter lily 
in Washington is caused by an infection of the bud and leaf nematode, 
Aphelenchoides olesistus^ and that this infection is carried in the propaga- 
tion stock. Experiments on phases of life history and possible control of this 
nematode are in progress. — Wilbur D. Courtney, XJ. S, Dept. Agr., Division 
of Nematology, Western Wash. Experiment Station, Puyallup, Washington. 

Inoculations of the Evergreen Species of Primus (Lmirocerasus) with 
Tranzschelia pruni-spinosae, — The literature does not list any evergreen 
species of Prunus as hosts of the rust fungus, Tranzschelia pruni-spinosae 
(Pers.) Diet. Of the dozen or more evergreen species those available for 
inoculation were: Prunus caroliniana Ait., P, ilicifolia Walp., P. ilicifolia 
var. integrifolm Sudw. (P. lyoni Sorey), P. Laurocerasus Linn., P. Umtanica 
Linn., and P. schipkaensis Spaeth. 

Prunus caroliniana and P. ilicifolia were infected by ai'tificial inoculation 
with urediospores of Tranzschelia pruni-spinosae discolor Dunegan from 
peach and P. pumila. No evidence of infection developed on the other 
■ spicm ^ ■ 

3- McWhorter, Prank P,, B. L. Emsweller, and Philip Brierley. Suggestions for 
growing Paster lily bulbs in the Pacific Northwest. Ore. State Exp. Bta, Cir. 339. 1944, 
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The methods usedAvere as follows; The foliage of the plant to be inocu- 
lated was sprinkled with Avater, and the inoeuhnn on the rust-infected leaves 
was placed in contact with the healthy leaves. The inoculated plants or 
plant parts were enclosed in a moist chamber or in a cellophane bag. In 
other experiments the plant Avas enclosed in a cheesecloth chamber (Pig. 1, 


Fig. 1. Rust iiifectiou on ecrtain evergreen speeies of Prunm: A, natural infeetion 
onP. caroUniana; B, a clieesecloth cliamber used in the inoeulaticm experiments; C, results 
of artiftcial inoculations on P, caroUniana (note millimeter scale near bottom). The lii' 
fected areas had .fallen out or were about to fall out, B, results of artificial inoculations 
on P. ilioifolia. 
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B) whicli was kept moist by a cheesecloth wick from an overliead vessel of 
water. In some other experiments the leaves on a detached twig were inocu- 
lated, and the stem was inserted in moist sand in a moist chamber. Satis- 
factory infection was secured by all methods. 

Definite circular spots, 1-5 mm. in diameter (Fig. 1, G), developed on 
the leaves of Prunus cwroUniana in about 3 weeks. The center of the spot was 
dark brown, surrounded by a greenish yellow zone. The tissues collapsed and 
a few urediospores of the fungus developed on these spots. The collapsed 
areas soon broke away from the healthy tissue, leaving a shot hole or, often, 
a ragged appearance to the leaf. The spots frequently coalesced. 

Infeetion on Pfunus ilicifol'Ki and P. ilicifolici var. iutegTifoliOi (Fig. 1, 
D) was similar to that on P. caroUniana, There was at fi.rst a yellowing of 
the infection points which gradnally darkened and became brownish spots 
2-3 mm. in diameter. The brownish areas did not enlarge but became sur- 
rounded by a yellowish-green zone. There was a tendency for the infected 
tissue (the spots) to break away from the healthy tissue, but the shot holes 
were not so frequent as in P. caroUniana, Fruiting of the fungus was sparse 
but some typical urediospores formed on some of the spots. Infection 
iisiially occurred on the yoimger leaves. 

It seems apparent, in both species, that the urediospores of the rust 
fungus must come from some more susceptible species of Primus and that 
the fungus probably can not perpetuate itself on these hosts. 

Smith and Coehrand in their description of rust on the species of Prunus 
native to California, listed Prunus ilicifoUa as not attacked by the rust 
fungus, and natural infection has yet to be observed. — Clayton 0. Smith, 
University of California Citrus Experiment Station, Riverside, California. 

Polyporus Versicolor on Asiatic Chestnut. — ^Asiatic chestnut trees for 
ornamental and orchard purposes are now listed for sale by a few seed houses 
and nurseries. They may become of considerable economic importance in 
the near future. Thus the susceptibility of these trees to pathogenic fungi 
found in America is. a matter of general interest tO“ plant pathologists. 

Some Asiatic chestnut trees have been growing since 1931 at the Syracuse 
Experiment Station of The New York State College of Forestry, Syracuse, 
New York, in an area where native chestnut once grew. While making 
routine obsexwations of the trees in the autumn of 1944, sporophores of 
Polyporus versicolor Fries were discovered on one small tree. The sporo- 
phores had emerged from live bark covering a somewhat enlarged localized 
area on each of two branches (Fig. 1). Rabbits had gnawed the base of the 
tree several years previous and these wounds may have been the source of 
entry for the fungus. The typical spongy white rot associated with this 
fungus was present through the heartwood of the trunk and branches: 

Polyporus versicolor^ commonly associated with the decay of sapwood, is 
known to cause decay of the heartwood in living catalpa, especially pollarded 

i Smita, Clayton 0,, and L. C. Cochran. Bust on the California native prune. Phy- 
topath. 2$ ? 645-646. im. 
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catalpa commonly used for ornamental purposes. The fungus has also been 
reported to cause lieartrot of black cherry, London plane, apple, pear, and 
plum. Destruction of the lieartwood weakens the affected trees and makes 
them especially susceptible to \Yind, snow, and ice damage. Consequently 
it is important for those who care for orchard and ornamental trees to be 


Fig 1. Polyporus versicolor GSiVLsmg decay of living Asiatic chestnut. 

familiar with the fungi that cause heartrot, in order that proper bracing 
and cabling can be done before breakage occurs in the infected trees. Thus 
the association of Tolyporus versicolor with heartrot of Asiatic chestnut is 
of interest to tree experts as ^vell as plant pathologists. — Ray R. Hirt and 
J. L. Lowe. The New York State College of Forestry, Syracuse, N. Y. 



AETHUR HENRY REGINALD DULLER 
1874-1944 

W . F . H A 3Sr N A , C . W . Ij 0 "VV E J AND E . C * B T A K M AN 

Professor Arthur Henry Reginald Duller was born in Dirmingliam, 
England, August 19, 1874, and died in ‘Winnipegv Manitoba, July 3, 1944, of 
a brain tumor. During a long and uninterrupted career as an investigator 
and teacher his contribution to science, particularly in his chosen field of 
mycology, was prodigious. And yet, despite his extraordinary ability and 
industry, he left much unfinished work, a possibility about which he liad 
often expressed concern. 

After obtaining the D.Sc. degree from the University of London in 1896, 
Duller was awarded an 1851 Exhibition Scholarship which enabled him to 
study under Pfeffer in Leipzig, where he was granted the Ph.D. degree in 
1899. He also studied with Hartig in Munich and later spent some time at 
the Marine Diological Station at Naples. Duller of fen paid tribute to the 
stimulating influence of both Pfeffer and Hartig. He reminisced especially 
about his field trips with Hartig and cherished recollections of his close 
association with this pioneer in the field of forest pathology. 

From 1901 to 1904 Duller was lecturer in botany at the University of Dir- 
mingham and in the latter year went to the University of Manitoba at Winni- 
peg as professor of Dotany, where he remained until his voluntary retire- 
ment as professor emeritus in 1936. When asked how he happened to go to 
Winnipeg, Duller said that he had seen in some literature about Canada a 
description of “Winnipeg, The Mushroom City’ ^ and had immediately 
realized that it would suit his tastes and interests so nicely that he decided 
to cast his lot with the thriving young metropolis of the Canadian prairies. 
And there he taught his students and immersed himself in his researches on 
fungi. 

Although he crossed the Atlantic 65 times, in order to spend his summers 
in England, Duller formed a strong attachment for Canada and worked hard 
for the development of his University and the Dominion Laboratory of 
Plant Pathology, established originally in 1923 as the Dominion Rust Re- 
search Laboratory. The summer of 1939 found Duller in England, but 
early in September of that year he came to New York to attend the meetings 
of the International Microbiological Congress. At the close of the Congress 
he decided, because of the difficulties of ocean travel, to return to Winnipeg 
where he remained until his death except for occasional absenees for lectures 
and special conrses at various American Universities, Had it not been for 
the war, Duller probably would have taken up permanent residence in 
England and there continued with his writing and research. 

As a teacher Duller was a perfeetionist. He prepared lectures and 
laboratory materials with metienlous care and attempted to make every 
lecture a finished performance. Likewise, he considered it an obligation to 
, . 577, 
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make each laboratory period a really valuable experience for the students. 
He was as exacting of himself as of IhkS students. Slovenliness of any kind, 
mental or physical, was abhorrent to him. Orderliness and preciseness were 
among his cardinal requirements. To Buller the lectui'e room and laboratory 
were sacred to science, and he tolerated no intellectual inattention or per- 
sonal misbehavior. Many students have testified to the disciplinary values of 
his courses. And yet Buller himself was so interesting, so genuinely 
enthusiastic in his teaching, and had to so high a degree the faculty of 
making botany interesting and significant that serious students evaluated 
his teaching not only as an intellectual discipline but also as a stimulus to 
the expansion of mental horizons. This is the consensus of a random sample 
of former undergraduate students after a lapse of time had given them per- 
spective on educational values, 

Buller 's attitude towards post-graduate study and research Avas pro- 
foundly affected by the environment in which he moved during the early 
years of his scientific career. As a young science student he became ab- 
sorbed in Darwin's great work on the Origin of Species and was deeply 
influenced by Huxley’s brilliant advocacy of the theory of evolution and 
his defense of the scientific method. In this stimulating environment science 
was revealed to Buller as something more than a metier j it was a never-end- 
ing search for truth, a thrilling adventure of mind and spiint in new fields 
of knowledge, with fresh vistas ever stretching beyond the horizon ; it was 
for him a way of life. At the time Buller went to Germany to study with 
Pf eflfer and Hartig, the wholesale application of science to industry and agri- 
culture, necessitating as it has done the training of great numbers of special- 
ized scientific workers, had scarcely begun. The number of graduate courses 
available to research students w^as strictly limited, and the relationship 
between professor and student was much more intimate than is possible in 
the scientific laboratory of today. The high degree of specialization which 
characterizes present-day scientific study was unknown in the late nineties 
and. indeed, in this regard, it may he recalled that Buller ’s early scientific 
training and interests covered the fields of zoology and geology, as well as 
that of botany. With such a background, then, it was hut natiiral that Bul- 
ler viewed with a mixture of regret and understanding the growing tendency 
towards specialization in the various fields of applied science. In later life 
when his work was widely known and his position in the scientific world 
was firmly established, he might have built up a large graduate school, but he 
preferred instead to give his attention to a relatively small number of stu- 
dents whose work he could closely supervise, while at the same time con- 
tinuing with his own writing and research, 

Buller ’s relationship with his graduate students was always warm and 
intimate. He was a friend and counselor as well as a Btimulating teacher. 
His enthusiasm was contagious, his energy untiring, his way of life both xxn- 
eonventional and unpredictable. A confirmed bachelor, be was in every 
sense of the word “ unattached. ” If some interesting experiment was to be 
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attended to or if a fruitful new idea came to his mind he might appear in the 
laboratory at five or six o’clock in the morning and work furiously through- 
out the day or even until after midnight, stopping only for a lunch of tea 
and biscuits at his desk and perhaps forgetting entirely about dinner. But 
when the task was accomplished, Buller had the happy faculty of being able 
to relax completely and he might then indulge in his favorite recreations — 
a game of billiards, a cigar, a turn at the piano, a half hour with Shake- 
speare, Keats or Shelley, a good novel, an occasional movie, or a stroll among 
the trees and flowers. While always tolerant of others he perhaps never 
fully understood the predicament of more orthodox individuals whose way 
of life seemed to conform' to a fixed pattern and whose comings and goings 
■were regulated by habit rather than by the task at hand, 

Butler was essentially a student of Nature and of living things. He was 
in no sense a systematist, although his knowledge of plant and animal species 
was remarkably complete. His chief interest lay in elucidating the living 
processes of organisms, their methods of reproduction and dissemination, 
and their relationships to environment. To him laboratory studies were 
merely a means to this end and he never failed to relate his laboratory find- 
ings to bis observations in the field. Not a few of his most important 
laboratory discoveries were suggested by field observations. Trained in a 
period when botanists relied mainly on the microscope, the pencil, and the 
free-hand section, he regarded with some suspicion the conclusions which 
were oecasionally drawn from the study of fixed and stained microtome 
sections. He was adept at cutting free-hand sections of living material and 
from them he made numerous and accurate sketches later to be converted 
into the beautiful line drawings with which his Eesearches and scientific 
papers are so copiously illustrated. He worked rapidly, his powers of obser- 
vation were amazing, and he never lost sight of the possible significance of 
the most trivial observation. 

Although endowed with a keen imagination, the imagination of an artist, 
Buller never allowed his imaginative faculties to dominate his reason. His 
fund of ideas was seemingly inexhaustible and his students would sometimes 
almost despair when, in the course of a brief conversation, he might suggest 
a multitude of interesting experiments which nevertheless would require 
months to carry out* He speculated freely, but he was always eager to sub- 
mit his hypotheses to the acid test of experimentation. 

In the course of his scientific career Buller developed a clear, easy, and 
forceful style of writing. He was ever willing to assist his students in the 
preparation and revision of their papers and, while avoiding undue inter- 
ference with the individiiars methods of expression, he nevertheless insisted 
upon the observance of certain fundamental rules. Aecuracy and clarity 
were for him the prime requisites of good scientific writing. He made a 
practice of reading his own manuscripts aloud to his students and invited 
their criticism and comment To the novice who sought in vain a precise 
word or a nicely turned phrase he gave the encouraging assurance that he 
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himself in his student days had experienced no less a difficulty. And yet to 
all who kneAV him it was evident that the ease with which he expressed his 
thoughts in both verse and prose could not have been acquired by practice 
alone, but stemmed from a fine natural feeling for the choice and meaning of 
words. 

Perhaps the most vivid impressions which graduate students retain of 
Buller are his enthusiastic devotion to science, his love of Nature, his kindli- 
ness, and his generosity to those who needed a helping hand. Above all he 
was an English gentleman in the finest sense of the word. Although he 
came to have a deep attachment for Canada, where he spent nearly forty 
years of his life, he always remained at heart an Englishman and the last 
years of his life were saddened by the destruction wrought by war in his 
native land which ever was for him : 

This precious stone set ill a silver sea — 

This blessed plot, this earth, this realm, this England. 

Eesearcli was a passion with Buller : Few men could have had for it such 
single and deep devotion. He worked to the limit of his strength and some- 
times beyond. Buller reduced the mechanics of living to its simplest terms 
in order that he might be completely free to devote himself to his science, and 
his attainments are evidence that he must have worked with virtually maxi- 
mum efficiency most of the time. He often said that he had a poor memory j 
but his rich store of information belied his assertion. Native curiosity, 
acuteness of observation, and everlasting persistence led him to discover 
many obscure and apparently insignificant facts. But nothing in Nature 
was insignificant to Buller. Through his powers of synthesis he wove many 
of these apparently insignificant facts into highly significant principles. 
He was sometimes twitted with being a teleologist; if his viewpoint was 
teleological, it certainly paid dividends, both in his researches and in his 
ability to dramatize the life of the fungi. He was, of course, not a teleolo- 
gist in the invidious connotation of the word: rather he looked always for 
relationships between phenomena and for the utility of structures and proc- 
esses. He reasoned that there must be underlying causes for the phenomena 
which he observed and he was not satisfied until he found them. 

Kesearches on Fungi, six volumes filled with a multitude of interesting 
and important facts and ideas about fungus behavior, presented in an easy, 
lucid style, constitute a monument to Buller ^s genins. He made fascinating 
stories out of spore production, spore liberation, and spore dissemination. 
He studied sex, so-called social organization, hyphal fusions, protoplasmic 
streaming, and nuclear associations. His pen pictures were extraordinary 
in a double sense; he was an artist, verbally and graphically. But Ee- 
searches on Fungi are not only interesting; for they contain much that is 
valuable in a practical way. His studies on spore formation, liberation, 
and dispersal pointed the way, even though indireetly, to a better compre- 
hension of some of the factors affecting the development of plant-disease 
epidemics. And yet, his books are a treasure of information quite apart 
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from any values other than those that satisfy an inquiring mind or cause it 
to wonder at the marvels of structure and function of some of the most f asei- 
natingly mysterious of all living organisms. For Buller himself often mar- 
velled at the wonderfully nice adaptations and adjustments that enable 
mushrooms to crowd prodigious numbers of spores on their hymenial surface 
and then ensure their liberation. Buller was a scientist; therefore he 
studied as closely as possible the mechanisms involved. But he was a phi- 
losopher too; and he wondered and speculated about the nature of the 
genes that directed the building of the structures and the functioning of the 
mechanisms. And this intense desire not only to know what happened 
hut also 'why it happened impelled him to delve more deeply than most into 
the intimate life of the fungi. With infinite pains and infinite patience 
he accumulated a vast store of knowledge about things that had been taken 
for granted. For Buller took nothing for granted. 

Professor Buller was in great demand as a lecturer: he gave mmy in- 
dividual lectures and held a number of special lectureships in the United 
States. He was Norman Wait Harris Foundation lecturer at Northwestern 
University in 1927, summer lecturer at Louisiana University in 1941, Hitch- 
cock professor at California in 1942, and in the same year Schiff Foundation 
lecturer at Cornell. 

Scientific affiliations included membership in the American Phyto- 
pathologieal Society, Botanical Society of America (president in 1928), 
British Association, British Mycologieal Society (president in 1913), Cana- 
dian Phytopathologieal Society (president in 1920), and in the Society for 
Psychical Eesearch. He w^as associate member of the Societe lioyale de 
Botaniqiie de Belgique, corresponding member of Societe Botanique Neer- 
landaise, honorary member of the Indian Botanical Society, and Fellow of 
the Royal Society of Canada (president in 1928). In 1929 he was elected 
Fellow of the Royal Society of London. 

The honorary degree of Doctor of Laws w^as conferred upon him by the 
Umversity of Manitoba in 1924, by the University of Saskatchewan in 1928, 
and by the University of Calcutta in 1938. Pennsylvania University 
granted him the degree of Doctor of Science in 1933. He was recipient of 
the Flavelle medal from the Royal Society of Canada in 1929, the medal of 
the Natural History Society of Manitoba in 1936, and the Royal Medal of 
the^Royal Society in 1937. 

Buller^s interests were many and varied. He loved to stroll in the woods 
and fields, sometimes to make professional observations, but quite as often to 
commune peacefully with Nature. He was fond of birds and noted their 
habits with keen interest. His days were usually spent in teaching, writ- 
ing, and research, but in his leisure moments he was a discriminating reader 
of good prose and verse. Endowed with the gift of expressing his thoughts 
in verse as well as in prose, he left behind a sijgeable collection of poems, 
rhymes, and limericks, many of which have real merit. Always a lover of 
books, he gathered together a fine selection of botanical works, includmg 
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many rare and interesting volumes on the fungi. His recreations included 
billiards, Avhich he played with skill and enthusiasm, playing the piano for 
his owui amusement or to entertain his friends, and occasional tricks of 
legerdemain. Withal, he had a good sense of humor and a kindly nature 
which, wuth his little quirks of character, made him always an interesting 
and entertaining companion. 

In his chosen field of science, Buller attained preeminence. The last of 
his vivid lectures has been given, but his published works remain as a re- 
markable record of achievement of an extraordinary scientist and as an in- 
spiration for present and future students of the fungi. 

Publications op Arthur Henry Reginald Buller 

xVbiiormal anterior abdominal vein in a frog. Jour. Anat. and Phys. 30 : 211-214. 1895. 

Pie Wirkiiiig von Bakterien aiif tote Zellen, 47 pp. Ph.P. tliesik Leipzig. 1899, 
Contributions to our knowledge of the physiology of the spermatozoa of ferns. Ann. Bot. 
14: 543-582. 1900. 

Is chemotaxis a factor in the fertilization of the eggs of animals! Quart. Jour. Mier. 

Soc. (England) 46: 145-176. 1902. 

Pond Life. Poem, published and circulated privately. 1903. 

The destruction of wooden paving blocks bv the fungus Lentinus lepideiis Pr. Jour. Eeon. 
Biol. 1 : 1-12. 1905. 

The enzymes of Polyporiis aquamosus Huds. Ann. Bot. 20: 49-59. 1906. 

The biology of Polyporus squamosus Huds., a timber-destroying fungus. Jour, Ecoii. 
Biol. 1: 101-138. 1906. 

The site question at The ITniversity of Manitoba. Manitoba Free Press. Jan. 30, 1906. 

Issued in pamphlet form with additional material Jan. 1907. 

The destruction of wood by fungi. Science Progress, No. 11, Jah. 1909. 

Upon tbe function and fate of the cystidia of Copriniis atramentarius. Abst. of address, 
Sect. K., Brit. Assoc. Report. Sheffield Meeting. 1910. 

The function and fate of the cystidia of Coprinus atramentarius, together with some 
general remarks on Coprinus fruit-bodies. Ann. Bot. 24: 613-629. 1910. 

Upon the number of micro-organisms in the aiuof “Winnipeg. Ti*ans. Roy. Soc. Can. 4: 
41-58. 1910. (With Charles W. Lowe.) 

The production and liberation of spores in the genus Coprinus. Trans. Brit. Mycol. 
Soe. 3: 348-350. 1911. 

On the temporary suspension of vitalitv in the fruit-bodies of certain Hymenomycetes. 

Trans. Roy. Soc. Can. Sec. 4, 6: 73-78. 1912. (With A. T. Cameron.) 

Upon the retention of vitality by dried fruit-bodies by certain Hymenonycetes including 
an account of an experiment with liquid air. Trans. Brit. Mvcol. Soe. 4: 106-112. 
1912. 

The progress of science. An opening address for the University of Manitoba. 28 pages. 
Univ. of Man. 1913. 

The fruit-body mechanism of Bolbitus. Trans. Brit. MycoL Soc, 4: 235-238. 1913, 

The fungus lore of the Greeks and Romans. Presidential Address. Trans, Brit. Mycol. 
Soc. 5: 21-66. 1914. 

Die Erzeugung und Befreiung der Sporen bei Coprinus sterquilinus. Jahrb. f, wissen. 
Bot. B. 56: 299-329, 1915. 

Upon spore discharge in the Uredineae and Hymenomycetes. ( Abstr.) Brit. Assoc, Rept, 
Manchester. 1915. 

Micheli and the discovery of reproduction in fungi. Presidential Address. Sect. IV. 

Trans. Roy. Soc. Can. (Ser. 3) 9; 1-25. 1915. 

Some critical remarks on the generic positions of Psathyra urticaeeola Berk, et Broome; 
Coprinus plicatilis Pr., and Psathyrella disseminate Pers. Trans. Brit. Mycol Soc. 6: 
482-489. 1916. 

Essaj^s on wheat. 339 pp. The Macmillan Co. 1919. 

Three new British Coprini. Trans, Brit, Mycol Soc. 6 : 363-365, 1920. 

The pseudorhiza of certain saprophytic and parasitic Agaricmeae. (Abstr.) Phytopath. 
10: 316. 1920. 

The red squirrel of North America as a myeophagist. Trans, Brit. Mycol Soe. 6; 355- 
362. 1920. 

Upon the ocellus function of the subsporangial swelling of Pilobolus. Trans. Brit. 
Mycol Soe. 7: 61-65. 1921. 
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Tlie basidial and oidial fruit-bodies of Dacromyces delequescens. Trans. Brit. My col. 
Soe. 7; 226-230. 1922. 

Slugs as rnycopliagists. Trans. Brit. Mycol. Soe. 7 : 270-283. 1922. 

Rea’s British Basidiomycetae ” Review. Nature 111: 213-214. Feb. 18, 1923. 
Experiments on sex in mushrooms and toadstools. Nature 114: 826. December 6, 1924. 
Violent spore discharge. Nature 116: 934. Dec. 26, 1925. 

The biolutninesceiice of Omphalia davida, a leaf spot fungus. (Abstr.) Pliytopatli. 
16: 26. 1926. (With T. 0. Yantekpool.) 

The mating method of identification of a Coprinus growing on the germinating seeds of 
mangel and sugarbeets. Ann. Bot. 41: 663-670. 1927. (With Dorothy E. Newton.) 
The plants of Canada, past and present. Presidential Address. Trans. Roy. Soe. Can. 

22: Appendix A: 33-58. 1928. 

Practical Botany. 275 pp. Longmans Co. 1929. 

Researches on fungi. 6 volumes. Longmans Co. 1909 to 1934. 

Some observations on the spore discharge of the higher fungi. Proc. Internat. Congr. 
Plant Sciences 2: 1627-1628. 1929. 

Wheat in the West and the Wheat Pool. The Book of Canada. 18 pages. Can. Med. 
Assoc. 1930. 

The biological significance of conjugate nuclei in the Basidiomycetes. Report of Proc. 

of the Fifth Internat. Bot, Cong. 357. Cambridge. 1930. 

The biological significance of conjugate nuclei in Coprinus lagopus and other Hymeno- 
mycetes. Nature 126: 686-689. Nov. 1, 1930. 

Co-editor with Dr. C. L, Shear in Groves’ translation of ^^Selecta Eungorum Carpologea.” 

3 volumes. Tulasne Brothers. 1931. 

Hyphal fusions in Dermatophytes. Can. Jour. Res. 6; 1-20. 1932. 

Eimgx in their relations with trees. Proc. at the Dedication of the Arboretum. June 
2nd, The Morris Arboretum. Philadelphia. 13-25. 1933. 

Elisions between flexuous hyphae and pvenidiospores in Puccinia graminis. Nature 141 : 
33-34, Jan. 1, 1938. 

William Bywater Grove. Obituary. The North Western Naturalist (Scotland) 13: 
30-34, 1938, 

Collaborator with G, R. Bisby and J. Dearness in preparation of the ^^Emigi of Mani- 
toba” Jjongmans, and later with W. P. Eraser and R. C. Russell in addition to the 
fore-mentioned in ^‘The Eungi of Manitoba and Saskatchewan” 1938. Nat. Res. 
Council. Ottawa. 

The British Association Delegation in India. Jour. Bot. 76: 103-111. 1938. 

Nuclear migration in Gelasinospora. Mycologia 32: 471-488. 1940. (With Eleanor 
S lIWER Dowding.) 

The diploid cell and the diploidisation process in plants and animals, with special reference 
to the higher fungi. Bot. Bev. 7: 335-431. 1941. 

The splash cups of the birds-nest fungi, liverworts, and mosses. Proc. and Trans. Bov. 
Soc. Can. 36: 159. 1942. 

De-diploidisation of the mycelium of Puccinia suaveolens. Proc. and Trans. Bov. Soe. 
Can. 37: 127. 1943. (With A. M. Brown.) 


THE EPPBOT OP RUGOSE MOSAIC ON THE YIELD 
OP POTATOES 


J . Gr . Bald 

(Accepted for publication December 27^ 1944) 

DESCRIPTION OP THE EXPERIMENTS 

111 two field experiments at Canberra some potato plants of the variety 
known in Australia as Early Carman (probably Green Mountain), grown 
from tubers thought to be healthy, were found to be infected with rugose 
mosaic. For the original purpose of these experiments, periodical measure- 
ments of leaf area were taken on each plant (1, 3), and also a record of the 
final yield. Data of this sort provided information about the growth of the 
foliage, and about the relation between leaf area and yield of diseased and 
normal plants. 

The plants were grown in the same poor sandy loam in different seasons, 
one lot during the early portion of the season 1941-42, and the other in the 
later portion of 1942-43. The original experiments have been described 
elsewhere (1, 3, 5). 

In both instances the conditions of growth were far from optimal. The 
weather was hot and dry, and the light intensity high. The plants had to be 
watered to maintain growth. In the first experiment, during the later stages 
of development the plants received barely enough water to allow them to 
finish their growth. In the second experiment, from the time of flowering 
onwards, the foliage of the plants was damaged by larvae of the potato moth. 
However, there is no reason to suspect that these conditions seriously affected 
the comparison between the diseased and normal plants. The environment 
in which the plants grew may be summarized as one in which the efficiency 
of photosynthesis was likely to be high and the absorption of water and 
nutrients from the soil was likely to be the limiting factor for growth, even 
of diseased plants. 

In the 1941-42 experiment there were 10 plants infected with rugose 
mosaic, and 20 plants, in the same small plots, that were normal throughout 
the season. These fell, according to their position in the experimental area, 
into equal groups of 5 diseased plants and 10 normal. The normal’ ’ plants 
contained virus X, and the diseased plants a mixture of viruses X and Y. 
The comparison was thus not between diseased and completely healthy ma- 
terial, but between plants carrying latent and obvious infection. 

In the experiment of 1942-43, six normal Early Carman plants and two 
infected with rugose mosaic were studied in detail The development of the 
individual leaves on the main and axillary shoots was followed until the 
maximum leaf areas were attained, and estimates of the total leaf area were 
obtained throughout the whole period of growth from emergence to senes- 
cence (3, 5). Owing to the conditions of temperature and daylength late in 
the season when the plants were grown, the total period of development was 
only about two-thirds as long as in 1941-42. 

. . ■ m 
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Results 

In figure 1 is shown for the 1941-42 experiment the leaf area of the two 
groups of diseased and healthy plants from October 24 to December 20 
They reflect differences in soil moisture in the portions of the experimental 
area wdiere they grew'. The growth of group A was cheeked soon after the 
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slirivelled in the manner usual, during the later stages of development, with 
mosaic-infected plants of this variety. The effect of the loss of leaves is 
clearer in the growth curve for diseased plants in group B, the leaf area of 
which reached a clear maximum and then declined. 

During the earliest stages of growth, these diseased plants revealed little 
evidence of infection and increased in size at almost the same rate as the 
normal plants. Later, as symptoms became evident, the growth rates de- 
clined in comparison with those of the normal plants. By November 12, the 
mean leaf area of the diseased plants was 14 per cent below that of the nor- 
mal plants, and the difference was significant. In the combined groups, 
A and B, the mean of the maximum leaf areas reached by the diseased plants 
was little more than half the maximum for the normal plants. 

The total yields in table 1 show differences between diseased and normal 
plants of the same order as for the mean maximum leaf area. The ratio 

TABLE 1. — Yield of 'Early Carman plants infected with rugose QiiosaiG (viruses X 
and Y) and normal plants (infected with virus X) ; 19 41-4B experiment 


Groups and state 
of plants 

No. 

plants 


Yield 

in gm. 

. per plant 



Yield in 

Tubers below 

2 oz. 

Tubers above 

2 oz. 


Total 

gm. per 
sq. dm, 
of leaf 



No. 

Wt. 

No. 

Wt. 

No. 

Wt, 

area 

A. Diseased 

5 

2.2 

64 

1.6 

115 

3.8 

179 

8.8 

Normal 

10 

1.9 

72 

3.1 

265 

5.0 

337 

8.7 

B. Diseased 

...... 5 

3.0 

104 

1.4 

97 

4.4 

201 

10.7 

Normal 

10 

2.7 

96 

3.0 

299 

5.7 

395 

11.2 


between maximum leaf areas and yield in the two blocks varied consider- 
ably, but the variation arose mainly from the different forms of the foliar 
growth curves. A better estimate than the maximum leaf area of the effi- 
ciency of the leaves in the formation of tubers is given by the integration of 
the values for leaf area over the period from the inception of flowering 
(which may also be taken as the inception of tuberation) until the last esti- 
mate of leaf area, for approximately six weeks from November 10, The 
simplest method of integration is to find the mean leaf area over this period. 
Values for the yield per sq. decimeter of mean leaf area are in table 1. 
Equal areas of leaf on diseased and normal plants produced very nearly the 
same weight of tubers. 

Infection with rugose mosaic caused a greater fall in the weight of total 
yield than in the number of tubers. The yield of tubers below marketable 
size was about equal for diseased and normal plants, and therefore the loss 
in total yield due to virus Y was less than the loss in marketable yield. The 
loss in marketable yield was about 63 per cent. 

Diseased plants in the second (1942-43) experiment developed symptoms 
immediately on emergence, and were severely dwarfed. This is character- 
istic of plants from infected tubers that have been sprouted, greened, and 
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held for a considerable time at fairly warm temperatures. In the 1942-43 
experiment, the mean leaf area of the two infected plants was little more 
than one-tenth the mean leaf area of the six normal plants. 

As the growing period in this experiment was only about two-thirds that 
of the plants in the earlier experiment, the leaf area during a period of 30 
days instead of six weeks after the beginning of flowering was integrated 
by taking the mean. The yields were weighed to the nearest five grams. 
The results for the individual plants, six normal and two diseased, are in 
table 2. 

As in the previous experiment, there was no demonstrable difference 
between diseased and healthy plants in the yield per sq. decimeter of leaf 
area. Amongst the plants from numbers 7 to 14, which included the two 
diseased plants, the variation in the values was negligible. The healthy 


TABLE 2.— Mean leaf area over a period of SO days from the initiation of flowering, 
and total yield of siw normal Barly Carman plants, and two infected with rugose mosaic; 
lB4S-^43 experiment 


state of 
plants 

Position in 
row 

Mean leaf 
area (sq. dm.) 


Yield 

(gm./sq. 

am.) 

Normal 

■3 

10.6 

115 

10.9 


6 

28.8 

330 

11.1 


8 

17.9 

290 

16.2 


13 

18.6 

205 

16.4 


14 

29.0 

470 

16.2 


15 

19.2 

270 

14.1 

Diseased 

7 

1.76 

30 

17.0 


10 

4.65 

70 

15.1 


plants 3 and 6, and, to a lesser extent, 15 gave lower values, probably because 
of a defieiency of moisture in the soil where they grew. 

The results of the leaf area measurements agree with those of Stone (7) 
made on similar diseased material, and need not be given in detail. As the 
leaf area measurements were carried beyond the stage of development 
studied by Stone, several points may be added to her description of the 
foliar growth. Even on the diseased plants of the 1941-42 experiment, on 
which symptoms were slow to appear, there was not the usual number of 
axillary shoots. Those that did form were small. The reduced axillary 
growth and the premature shrivelling of the lower leaves were the main 
causes of the reduced leaf area of diseased plants. In the 1942-43 experi- 
ment, the diseased plants produced practically no axillary shoots, and the 
leaves on the main axes were very small The loss of the basal leaves was 
hastened by the attack of potato moth larvae. However, the normal plants 
were attacked in a similar manner (5) . 


mscussioisr 

Among the potato plants diseased with rugose mosaic there was a number 
of indications of restriction in the plants' supplies of available protein. 
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Firstly, there was the reduction in leaf area associated with infection. In 
healthy plants of related genera, leaf area is a fair measure of protein con- 
tent in the pre-seiieseent stages of growth (6). Presumably the manufac- 
ture of virus protein replaced not only the manufacture of reserve protein 
(9), but also the manufacture of some of the cytoplasmic protein necessary 
for the formation of new centers of metabolism in the leaf tissues. The 
reduction of axillary growth on diseased plants in the first experiment and 
its almost complete absence in the second suggest that the available protein 
in diseased plants was insufficient to support, in addition to tuber forma- 
tion, the development of tissues from secondary growing points. The prema- 
ture shrivelling of the lower leaves suggests that even the cytoplasmic pro- 
tein they contained was hydrolyzed to maintain growth elsewhere, or for the 
manufacture of additional virus protein (8). 

On the other hand, the functional leaf area measured during the pre- 
senescent tuber-forming stage of development appeared as efficient in the 
formation of tubers on plants diseased with rugose mosaic as on ^'normal” 
plants containing only virus X. Apparently there was no inhibition of 
translocation in the diseased plants, and the efficiency of the centers of 
metabolism actually formed in the leaves of diseased plants, in so far as it 
was reflected in the formation of tubers, was not further reduced by the 
imposition of virus Y on the original infection with virus X, 

These results, on the surface, contradict those obtained by Stone (7), 
who found that mosaic-infected plants produced a smaller weight of tubers 
per unit of leaf area than the normal control; but there are points of difiei'- 
ence betw^een the American and Australian experiments that make a direct 
comparison of results difficult. The yields obtained by Stone wei’e not 
mature yields, and it is probable that the course of tuber development is 
different in normal and mosaic plants. Also, leaf areas were calculated only 
for the earlier phases of development, and the means were partly derived 
from daily values obtained before the stage at which tuberatioii begins. If, 
in the experiments described here, the final yield is divided by the mean leaf 
area over a period equivalent to that used in Stone’s calculations, the yield 
per sq. decimeter of leaf area is considerably greater for normal than for 
diseased plants. For example, in the 1941-42 experiment, the mean figures 
are 43.1 and 26.8 gm. per sq. decimeter. 

There thus appear to be two levels in the reduction of yield due to the 
mosaic diseases of the potato. At the first level, represented by infection 
with average strain mixtures of virus X, the virus appears to multiply in the 
host at the expense of reserve proteins only, as the foliar portions of the 
plant grow^ to the normal size (2, 4). Loss of yield is presumably due to tbe 
inability of the plant to hydrolyze the virus protein for translocation to the 
tubers. At the second level, represented by plants infected with rugose 
mosaic, the competition exerted by the metabolism of virus protein against 
the normal protein metabolism is sufficient not only to replace reserve pro- 
tein by virus protein, but also to replace protein needed for the establish- 
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mmt of new centers of metabolism. This results in a smaller leaf area on 
diseased plants, and an enhanced reduction of yield. 

summary 

In two experiments, leaf areas were measured on potato plants infected 
with rugose mosaic, due to viruses X and Y, and on “normal” plants con- 
taining virus X. Pinal yields were also measured. The reduction in yield 
due to virus Y was proportional to the reduction in leaf area measured dur- 
ing a period after the initiation of tuber formation. The yield of tubers 
over 2 oz. in weight was reduced by infection with virus Y more than the 
total yield, because the reduction in numbers of tubers was proportionately 
less than the reduction in leaf area. 

Council for Scientific and Industrial Eesearch, 

Division op Plant Industry, 

Canberra, A. C. T., Australia. 
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VIRUS C FROM AN OLD AUSTRALIAN VARIETY OF POTATO 

J. G. Bald a n d D. 0. N o k r i s 
(Accepted for publication December 27, 1944) 

INTRODUCTION 

In November, 1938, studies were begun on a virus that had been isolated 
several times from an old Australian potato variety. Brown’s River (1). 
Its properties and reactions corresponded with those given in the meager 
descriptions of virus 0 then available (2, 6). As the Brown’s River virus 
was studied in detail, it was found also to be closely similar to virus Y. 
Apart from its reactions on the standard varieties of potato, the only prop- 
erty found to differentiate it from virus Y was the inability of the aphid, 
Myzits persicae Sulz., to transmit it to healthy plants of susceptible varieties, 
under conditions in which virus Y was readily transmissible. 

Even this distinction was not complete, as transmission of the Brown’s 
River virus by Myzus persicae was recorded in two instances. On the other 
hand, although previous infection with virus Y usually prevented potato 
plants from reacting to the Brown’s River virus with charaeteristie symp- 
toms, there were instances in which we could not be sure that infection 
with virus Y had given complete protection. The evidence on the identity 
of the Brown’s River virus was thus somewhat confused. Further experi- 
ments on its transmissibility and its relationship to virus Y were planned, 
but could not be made at the time. Since then, the published results of 
other workers (3, 5) and some more recent work at Canberra have removed 
doubts that the Brown’s River virus is virus C, and that virus C must be 
considered a strain of virus Y. 

SOURCE OP THE VIRUS 

The Brown’s River potato^ is a late variety with reddish purple tubers 
and a vigorous habit of growth. The two commercial stocks examined were 
almost entirely infected with virus C or virus Y. Infection of Brown’s 
River with virus C is often not detectable in the field, but in the greenhouse 
it causes a slight veinal mottle and rugosity of the leaves. Sometimes in the 
greenhouse the mottle is masked, and the only symptom is a slight rugosity, 
that can be distinguished by comparison with healthy plants. This compari- 
son has been made possible by the isolation of virus-free stocks of Brown’s 
River from single plant selections made by Dr. R. A, Scott of the Tas- 
manian Department of Agriculture. 

SYMPTOMS ON POTATO 

Brown’s River has field resistance or immunity from virus X, and un- 
contaminated samples of virus C have readily been obtained from it by 

1 Other names applied to this variety were Brownes Biver Black, Circular Head, and 
BedsMn. It was the principal maincrop variety in Australia during the nineteenth 
century. 
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inoculation to tobacco and other susceptible hosts. Although Bawden (2) 
originally stated that “virus C has not been transmitted to any plants by 
needle inoculation,” Dykstra (7) found mechanical transmission to tobacco 
very easy by the methods he used, and Cockerham (4) states that mechanical 

TABLE 1 . — Summary of the symptoms on XI varieties of potato inoculated, or grafted 
with material containing Brownes Biver mrus 


Variety and means of trans- 
mission 


BeedUn^ 41956 (grnft) 

Carman (graft) 

(inoculation) 

Brownell (graft) 


Suowfialie (graft) 

(inoculation) 

Bismarck (graft) 


Delaware (Earliest of All) 
(graft) 


Symptoms 


President (graft) 

^ * (inoculation) 
lTp-to-T>ate (graft) 

(inoculation) 

Arran Victory (graft and in- 
oculation) 

Epicure (graft) 


“ (inoculation) 

Katalidin (graft and 
inoculation) 


Top necrosis. 

Necrotic local lesions. 

Top necrosis. 

Necrotic local lesions (Pig. 1). 

Very mild mosaic. 

Top necrosis, not always severe cnoiigli to kill the plant 
rapidly. From the tubers small plants were pro- 
duced which became necrotic and died when they 
were a few inches high, or developed a dwarfing 
mosaic disease. 

Necrotic local lesions, and occasionally systemic 
symptoms as above. 

A rather indefinite mottle in the current season, some- 
times a certain amount of necrosis and shrivelling 
of the lower leaves; in the following season definite 
and characteristic crinkling and veinal mottle. 

Similar to Katahdin but more severe; no current 
season necrosis was observed. 

Top necrosis. 

Ijocal necrosis, necrotic streaking of petioles and stem, 
top necrosis. 

Only one plant was grafted. No current season 
symptoms were observed, but in the following 
season a veinal mottle and rugosity developed, 
necrotic streaking on the undersides of the veins 
and shrivelling of the lower leaves. 

Top necrosis; in the second season dwarfing, severe 
crinkle, necrosis and early death. 

liocal necrosis and retention patterns, caused by the 
loss of chlorophyll except in restricted areas of the 
leaf. Systemic symptoms were semi-neerotic, spread- 
ing slowly to the growing tip. 

Severe mottle, rugosity, thin necrotic streaks on the 
undersides of the veins, shedding of the lower leaves 
until only a terminal tuft remained. In the second 
season, severe mottle, rugosity and some necrosis. 

Top necrosis beginning as necrotic spots or a necrotic 
network on the veins of the youngest leaves, streak- 
ing of the stems and collapse. 


tranamissioii to potatoes reacting ■without necrosis is obtainable. At Can- 
berra, the Brown's Eiver virus was transmitted both to certain varieties oi 
potato and to other hosts by mechanical inoculation with a glass spatula and 
carborundum powder. For varieties of potato that did not react by necrosis 
this method appeared reasonably effective, but not always so effective as 
similar inoculations with virus Y. 





, 


The varieties inoculated or grafted from the original Brown’s River 
material were the four English test varieties, President, Up-to-Date, Arran 
Victory, and Epicure; the American varieties, Katahdin and U. S. seedling 
41956 ; and the five varieties, which, apart from Up-to-Date, are most widely 
grown in Australia, Carman (possibly Green Mountain), Brownell (Adiron- 
dack), Snowflake, Bismarck, and Western Australian Delaware (probably 
Earliest of All). Their reactions are in table 1. 


OTHER SOLANACBOITS HOSTS 

Four common solanaceous hosts have been tested for their reaction to the 
Brownes River virus; tobacco, variety Hickory 'Pryoi, Nicotiana ghitinosa, 
Datura stramonium, and pepper. Of these, N. glutinosa gives the most 


"Fia. 1. Left. Necrotic lesions produced on inoculated leaves of Up-to-Date potato 
by the Brown River virus. Might. Fully developed symptoms of the Brown ’s River 
virus on Nicotiana glutinosa. 

eharacteristie reaction. Occasionally, 5 or 6 days after inoculation, indefi- 
nite yellow local lesions may be produced. Under normal conditions, after 
an incubation period of between 7 and 12 days, ■vein-clearing occurs, and 
within another week the areas between the veins balloon upwards, and a 
mottle develops consisting of vein-banding and a loss of color in the inter- 
veinal areas (Fig. 1). The plant grows on, but is stunted, and distortion of 
the younger leaves may be severe. Samples of virus Y inoculated in parallel 
series as a rule gave similar but less severe symptoms. The symptoms on 
tobacco are almost indistinguishable from those of virus Y. On Datura no 
infection has been prodneed by inoculation or grafting. On pei)per infec- 
tion occurs, but symptoms do not appear until about five weeks after inocu- 
lation. They consist of a mild but eharacteristie mottle ; yellow-green areas 
extend from the main veins, vein-banding or green islands develop sparsely 
along the veins, and the mottle may he outlined by light bronzie lines. The 
leaves may roll upwards, and become yellowish green. 
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The addition of virus X to tlie Brown’s River virus in tobacco or Nico- 
Hand gliitinosa generally produces double symptoms like those character- 
istic of the virus X-virus Y mixture, ie., yellow vein-clearing, and more or 
less necrosis according to the strain of X used. In at least one instance, 
however, when the Brown’s River virus was present in tobacco and virus X 
was added, the resultant symptoms were mild. In other instances, in which 
a mixture of the two viruses was inoculated to tobacco, the usual double-virus 
symptoms did not develop very clearly, and those due to virus X were pre- 
dominant 

Six hosts outside the Solanaceae were inoculated with the Brown’s River 
virus without prodneing any infection. These were cucumber, zinnia, and 
cowpea (which react to cucumber mosaic), pea, French bean, and broad 
bean. 

INSECT TRANSMISSION 

The only insect tested as a vector of the Brown’s River virus has been 
the aphid, Myziis perskae, the most efficient vector of virus Y. Early ex- 
periments in which the aphids were fed on the shoots of sprouted tubers 
were negative, but so also were parallel tests with virus Y, although leaf roll 
■was transmitted easily. Sprouting tubers are a poor source of virus Y, and 
probably of virus C. An indication that M. persioae might be a vector of 
the Brown’s River virus was obtained in one instance when aphids feeding 
on an infected plant were transferred to President. On one leaf of one 
plant a necrotic lesion developed and vspread down a main vein, eventually 
killing the leaf. Systemic infection did not occur. 

In other experiments aphids were fed on diseased plants of potato varie- 
ties with a non-necrotic reaction to the Brown’s River virus, and transferred 
to Nicotiam glutinom and tobacco. In the first experiment of this type, one 
Nicotmna glutinosa of five inoeulated became infected. Other transfers 
gave negative results. 

In all, 16 transfers were made to varieties of potato reacting to the virus 
with necrosis, 27 to varieties with a non-neerotic reaction, 16 to Nicotiana 
ghdimosa, W to tobacco, and 10 to pepper, a total of 84. About 20 aphids 
per plant were used for each one. Only in the two instances described did 
infection occur. 

PHYSICAL PROPERTIES OP THE VIRUS 
Diliition End-point 

The results of four experiments are shown in table 2. The first two were 
performed at different times with extracts of recently infected plants of 
Nicotiana glutinosa, the last two with leaves, from tobacco plants that had 
been infected for a number of weeks. The results show the usual diminu- 
tion of concentration that occurs as infected plants age. The inoculum for 
the fourth experiment was extracted from the leaves by the chemical method 
Stanley used for the preliminary stages in the isolation of bushy stunt-virus 
(9). The reason for the failure of infection at the 1 in 5 dilution may have 

bean the high concentration of phosphate in the inoculum. 
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These ai^e mueh higher dilution end-points than are recorded by Kenneth 
Smith (8) for virus Y. Under our conditions, however, the dilution end- 
point of virus Y is of the same order as that of the Brown’s River virus. 
This may partly be the result of more efficient methods of inoculation, but 
it is probably also a reflection of the high concentrations of virus that nor- 
mally develop in host plants under the high light intensity and temperatures 
in the greenhouse at Canberra, The Brown’s River virus also retained its 
infectivity in vitro at higher temperatures and for longer periods than is 
recorded for virus Y, but parallel experiments with virus Y under our con- 
ditions gave similar high values, 

TABLE 2 . — Dilution of the Brownes Mrer virus, Xumder of plants, of eight in- 
oculated, infected at the dilutions shown 


Experiment ■ 


Dilution 


100,000 








a Tobacco leaves from tlie same lot of plants as in Experiment 3 were frozen for 
five clays, ground np with a small quantity of a 50 per cent solution of K 2 HPO 4 L and the 
juice was expressed through miaslin. 

Heat Inactivation 

Juice was obtained from infected plants of Nicotians glutinosa or tobacco, 
diluted 1 in 5, and divided into 10-cc. lots, which were held for 10 min. at 
different temperatures. Tests were made both on untreated juice and on 
juice that had been clarified by spinning in a centrifuge, and buffered at 
0.05 molar and pH 7 with phosphate solution. Infections were obtained 
from inocula that had been heated to 58° and 60° C., but not to 61° C. or 
higher temperatures. 

Aging in vitro 

Three experiments were performed by storing plant juice diluted 1 in 5 
at 25° C., and inoculating at intervals to tobacco or Nicotiuna glutinosa. In 
the first two experimentSj the juice expressed from the diseased leaves was 
merely filtered through muslin. In the third, the inoculum was clarified 
and buffered wdth phosphate solution. Infections were obtained from in- 
ocula that had been kept for 10 or 11 days, but not for 16. In addition, virus 
was held at a few degrees above freezing point for more than a week without 
any noticeable diminution of inf eetivity. 

IMMUNITY TESTS A0AINST VIRUS Y 

A number of trials was made using tobacco and NicoUana gluUnoBa, in 
which first virus Y and later the Brown’s River virus were inoculated to the 
same plants. There were controls in all experiments inoculated singly with 
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virus Y and the Brown’s Eiver virus. The likeness of the symptoms pro- 
duced by the two viruses, particularly on tobacco, rendered these experi- 
iiients of relatively small value. However, where the strain of virus Y was 
sufficiently mild, there was an observable diiferenee in the severity of symp- 
toms produced by parallel inoculations on Nicotmia gkttmosa. Using such 
a strain, some indications were obtained that it induced an immunity against 
subsequent infection with the Brown’s Eiver virus. 

The most definite results -were obtained with President potato systemi- 
cally infected with virus Y. In some instances, full protection was afforded 
against the Brown’s Eiver virus. There was no necrotic reaction on inocu- 
lated leaves, whereas control President plants free from virus Y produced 
fully necrotic symx>toms. However, some necrosis developed on the inocu- 
lated leaves of several other Y-infected plants after inoculation with the 
Brown’s Eiver virus. The necrosis was more diffuse than that usually pro- 
duced at the site of inoculation on healthy plants, and may have been due in 
part to the original infection. There is no doubt that virus Y produced 
partial or complete immunity in President potato against subsequent infec- 
tion with the Brown’s Eiver virus. 

A few Y-infected plants of other varieties gave similar results when 
inoeiilated with the Browm’s Eiver virus. 

DISCUSSION 

The results of transmission tests and property studies leave little doubt 
that the Brown’s Eiver virus is virus C, and that virus C is a strain of 
virus Y (3, 4), The two instances of transmission hy My zus persicae sug- 
gest that virus C might occasionally be transmitted by this insect in the field. 
Several examples of field transmission under conditions of heavy aphid infes- 
tation (5) might be interpreted as rare examples of transmission by the nor- 
mal vectors of virus Y. 

Other examples of field transmission of what is possibly virus C are 
reported from New Zealand by Ghamberlain (4). A virus complex carried 
in a potato variety, Aucklander Short-top, gave symptoms on a range of 
hosts that suggest it consisted of a mixture of virus X and B and another 
virus that causes top necrosis on Up-to-Date. In Chamberlain’s greenhouse 
trials, no part of the virus complex was transmitted by Myziis persicae or 
Macrosiphiim solani to healthy potatoes. Yet, ^‘a severe top necrosis of 
several potato varieties was observed” in the field, and the incidence of this 
disease was greatest in those lines which, in the previous season, had been 
grown in close proximity to the variety, Aucklander Short-top. ’ ’ Chamber- 
lain’s results are consistent with the view that the virus causing the top 
necrosis was virus C. 

The chances of virus C causing serious economic losses are very small, 
except, possibly, in a new carrier variety that becomes infected as a seedling^ 
or during the earliest stages of multiplication. Prom the incidence of the 
disease, it appears that this has been the mode of its perpetuation. Virus C 
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is seldom found except in carrier varieties, and, where it is found, it infects 
the whole or the greater portion of existing stocks. As an unusual variant 
of virus y, it is of interest to students of virus diseases, but it is of no impor- 
tance to the farmer. 

SUMMARY 

A virus isolated from an old Australian variety of potato is described, 
and identified with virus C. Its physical properties and host range, which 
are described, ally it closely with virus Y, but, except possibly in rare in- 
stances, the virus is not transmissible by the most efficient vector of virus Y, 
the aphid, Myz%is persicae. The virus is unlikely to become widespread or 
produce serious losses in potato crops. 

Council for Scientific and Industrial Research, 

Division OP Plant Industry, 

Canberra, A. C. T., Australia. 
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TOBACCO ANTHRACNOSB, A PLANT BED AND FIELD DISEASE" 

E, A. WALKER2 and Elizabeth Wise McIhroys 
(Accepted for publication Eebruary 15, 1945) 

Tobacco anthraenose in Maryland was first observed in a commercial 
Medium Broadleaf tobacco plant bed on May 24, 1941, near Waldorf in 
Cbarles County. A leaf spot was found in plant beds treated for the control 
of tobacco blue mold with 1| pounds of paradichlorobenzene to 100 square 
yards of plant bed per treatment. This conspicuous leaf spot was distinctly 
different from any injury previously experienced when tobacco plants were 
treated with this gas-producing substance. The spots were small, circular, 
and scattered over the leaf, resembling to some extent the injury produced 
when nitrate of soda granules are in contact with the leaves after top- 
dressing wuth this fertilizer. Plants in untreated plant beds adjacent to 
those receiving the paradichlorobenzene gas treatment also had leaf spot. 
These plant beds were established in ‘^liew land’’ and were surrounded hy 
a wooded area to the north and west, and sloped eastward toward a weed 
strip used the previous season for tobacco plant beds. 

Many tobacco plant beds were then visited in Charles, Prince Georges, 
and Calvert Counties, and this same leaf spot was found distributed quite 
generally in Southern Maryland. In several tobacco plant beds seedling 
blight was observed in small areas where many plants had died. These were 
surrounded by plants with leaf spots like those first observed in Charles 
County. A similar leaf spot was found in the College tobacco greenhouse 
where 64 strains of Maryland type tobacco were bedded. It was so de- 
structive as a seedling blight by the first of June, that only a few live plants 
remained in some seed plots. 

Symptoms on tobacco plants are distinct, Young spots are small, light 
green, slightly water-soaked, and considerably depressed. These pin-point 
depressions soon enlarge to form circular spots fV to J inch in diameter. 
As the spots dry out they become papery thin and grayish-white, and are 
surrounded by a raised water-soaked border, which later becomes brownish. 
Larger spots may become zonated and have a darker center. small 

lateral veins are killed and turn brownish-black. This causes the affected 
leaf to become wrinkled and distorted, and a portion of it may die (Pig. 

A). If spots are numerous there may be a general breakdown and death 
of the entire leaf. Small plants the size of a quarter or half dollar, when 
severely affected are stunted or killed, resulting in large barren spots in 
tobacco plant beds. 

I Brieatifle Paper No, ATS, Contribution No. 1931, Maryland Agricultural Experi- 
ment Station (Department of Botany) . 

a Formerly Pathologist, Emergency Plant Disease Prevention Project, Bureau Plant 
3? « » Soils and Agricultural Engineering, Agricultural Besearcli Administration, 
IT. B. Department of Agriculture; now Assistant Professor of Plant Pathology, University 
of Mamaixd. 

sPonnerly Assistant, Plant Pathology, Maryland Agricultural Experiment Station. 
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Walker and McInroy; Tobacco Anthracnose 


Plants large enough for transplanting had small cankers on the leaf 
midrib and petiole. These lesions are water-soaked at first, and later become 
sunken to form oblong greenish-brown lesions J to J inch long. Similar 
lesions, some circular and others oblong, were on the main stem (Pig. 1, B). 
These weaken the stem so that it breaks when plants are drawn for trans- 
planting. Pink masses of spores surrounded by black tapering setae were 
ill the lesions. 

Isolations were made on 3 per cent malt agar, and a. Collet otrichiim was 
consistently isolated from plants with stem, petiole, and midrib lesions. The 
same organism was isolated from the leaf spots, which usually had few spores 
but numerous setae. A spore suspension was made and fresh tobacco seed- 
lings were inoculated by spraying this ten-day-old, malt-agar spore suspen- 


Pio. 1. Anthraenose on tobacco leaves and stems. A. Leaves of seedling tobacco 
plants with large anthracnose spots. The lower right leaf shows necrosis of the midrib 
and lateral veins, x approx. B. Elongated anthracnose lesions on stems of tobacco 
seedlings. The stem to the right is practically girdled by the fungus, x 1 approx. 

sion on the leaves. After these plants had been in a moist dark chamber 
for 60 hours, the inoculated leaves were severely spotted, and some plants 
were killed. The Collet otrichum w^as recovered, and reinoeulated onto other 
healthy tobacco plant leaves, on which anthracnose spots developed, and 
the same organism was again recovered. This was repeated again to estab- 
lish its pathogenicity for tobacco. The tobacco plants used were of the Mary- 
land Medium Broadleaf type generally grown in Maryland commercial 
plantings. Similar tests were made on numerous wild and cultivated host 
plants by the detached leaf and potted plant methods, arid the fungus was 
pathogenic to pokeweed, geranium, begonia, tomato, and potato leaves. 

Numerous isolations were made from tobaeeo anthracnose stem, petiole, 
and midrib lesions and leaf spots during the first season. Collet oirichum 
sp. was isolated from most of the diseased material, from which single spore 
or hyphal tip cultureKS were obtained for further laboratory cultural studies. 
Oloeosporium was isolated direetly from some tobacco anthracnose 
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iesioiis and othez’ strains of Oloeosporium sp. were obtained from dark sectors 
in cultures of Collet otrichum. Sectoring was abundant on cultures of tlie 
Colletoirichiim; and spiral growth was observed in two strains oi Colleto- 
irichum and in two of Gloeospormm. 

Tobacco anthi’acnose was fii’st recorded from commercial tobacco plant 
beds in the United States in 1941. Johnson and Valleau (6) observed a 
similar disease on tobacco plants in the Station beds in Kentucky in 1935, 
and they called the organism Colleiotrichum destructivicm. Tobacco an- 
thracnose was first observed in Brazil by Averna-Sacca (1, pp. 221-223), 



Tobaceo plants affected with, anthraenose in plant beds, and infected leaves 
from plants grown in the field. A. Diseased plants with white circular leaf spots on 
lower leaves, _and young upper leaves crinkled and distorted by anthracnose cankers on the 
lateral veins. B. Plant bed with plants killed by anthracnose while very 
small. Adjacent plants are small and dwarfed. C. Single plant from plant bed A show- 
ing leaf mots and crinkled bnd leaves, x i approx. D. Middle leaves taken from field 
plants with small eircnlar anthracnose spots. The leaf on the right has elongated young 
anthraenose cankers on the niidrib. approx. ^ ^ ^ 


who studied the disease aud named the causal orgsaiism . Collet otrichimi 
nicoHanae. Boning (2, 3) in 1929 isolated and described the organism caus- 
ing tobaceo anthracnose in Germany as Colleiotrichum tahacum. In 1932 
Boning (4) isolated a similar organism, devoid of setae, to which the name 
Gloeosporium Desmaz. et Mont, was given. Tobacco anthracnose has been 
reported each year from Maryland since first observed in 1941 (9 throngh 
15), ‘ and from Pennsylvania in 1942 (5). The organisms obtained from 

Plant 'TS!,X®’Tr®a''n! Mycologieal Collection of the Bureau of 

Mwylanf Agriculture. Plant Industry Station, BeltsviUe, 
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Maryland tobacco antbracnose are being designated as Golletotrichtim sp, 
and Gloeosporium sp. 

During 1942 tobacco antbracnose became very severe in plant beds by 
May 18 in Prince Georges County (Fig. 2). A week later it was observed 
at one location near Gambrilis, Anne Arundel County, where it bad de- 
stroyed about 2,100 square yards of tobacco bed. The disease was very 
destructive in most plant beds visited in Soutbern Maryland. Tbe plant 
beds at tbe Marlboro sub-station were infected, causing some loss from 
death of plants. Many diseased plants were transplanted to tbe field where 
the antbracnose disease continued to develop as leaf spots, leaf midrib and 
petiole cankers, and as stem cankers on the maturing plants. If tbe plants 
were set in very wet soil the disease developed rapidly on tbe new leaves, 
dwarfed tbe plants, and distorted the leaves. Cankers were also observed 
on the branches of the seed head and on tbe seed pods. In some fields 
antbracnose was observed on tbe ^‘sucker’’ plants that developed after tbe 
crop was harvested. It is believed that the antbracnose organism is carried 
on tbe seed, and then carried to the fields on infected plants. 

Maryland Agricultural Experiment Station, 

College Park, Maryland. 
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CURLY-TOP AND CALIPORNIA-ASTBRr-YELLOWS 
DISEASES OP FLAX 

Henry H. P. Sevebin and Byron R. Houston 

(Accepted for publication Pebruary 15, 1945) 

Flax, Linum usitatissiniuni L., was reported to be susceptible to the 
curly-top virus by Severing in 1929 and tbe symptoms on experimentally 
infected plants were described. No naturally infected plants were found 
prior to March, 1944, at which time the disease was generally distributed 
throughout the flax-growing region of Central California, most of w^hieh 
is located in western Fresno County. The estimated infection varied from 0 
in the late planted fields to 5 per cent in the early plantings. 

RBLATION BETWEEN PLANTING DATE AND INFECTION PERCENTAGES 

There was a definite relation between time of planting and infection 
percentages. The fields planted in October and November, 1943, were more 
severely damaged than those planted at a later date. The beet leafhopper, 
Eutettix tenellns (Baker), is normally present in large numbers on native 
and introduced weeds in the floor of the valley during the summer and 
autumn months. Severing has stated that the autumn dispersal from these 
weeds begins in October and continues through November. During this 
period in 1943 there was a shortage of rainfall, thus limiting the feeding 
areas of the leaf hoppers to cultivated crops, the principal one of which wms 
early planted flax. By the time the flax that had been planted after Novem- 
ber had reached the seedling stage, most of the leaf hoppers probably had 
flown to the overwintering regions in the foothills of the Inner Coast Range 
bounding the west side of the San Joaquin Valley. This normal autumn 
flight of the vector probably accounted for the failure of the disease to 
become established in the later plantings. 

SYMPTOMS IN THE FIELD 

The first symptom noticeable in small seedling flax is the production of 
irregularly shaped wavy leaves closely grouped at the growing point 
(Fig, 1), There is then a gradual yellowing of the entire plant followed 
by death in most cases. Plants 8 to 10 inches tall when infected often con- 
tinue to grow and produce the described leaf symptoms and a coiling of the 
tip of the stem (Fig. 1) . Subsequent branches from such plants are often 
bent away from their normal position resulting in a spreading rather than 
an upright growing habit 

The most striking symptoms are those in the flowers. Diseased plants 
which reach the flowering stage produce small and much shortened inflores- 
Henry H. P. Additional liost plants of curly-top, Hilgardia 3 : 595-629. 

1929 * 

9 Bererin, Henry H. P, Field obsei*vations on the beet leafhopper, ButetUx ienellm, 
in California. Hilgardia 7; 281-350. 1933, 
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ceiices. The petals of the flowers emerge from the calyx but remain closely 
pressed together and do not expand and open as do the normal flowers 
(Fig. 2, A/B). The petals are thus held until dry at which time they fall 
away from the ovary in a group. The diseased petals are twisted and 
puckered by small blister-like elevations over their entire surface (Fig. 2, D). 
Little seed is produced by infected plants. 


Pig. 1. Disease symptoms on flax plants naturally infected by the curly >top virus. 
The stem on the left has the distorted and coiled tip with closely clustered malformed 
leaves often found on infected plants. The plant on the right shows the spreading rather 
than normal upright branching habit. Distorted wavy leaves are near the top of the 
upper stem. 

Nearly all infected plants have a marked orange-yellow discoloration in 
the region of the phloem in the tap root a:id crown. 

BECOVEEY OF VIRUS 

The virus was recovered from naturally infected flax by previously non- 
infeetive beet leafhoppers and transferred to healthy sugar beets which 
developed typical symptoms of curly-top. 
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DISCUSSION 

It. is probable that with the present trend to earlier fall planting of flax 
there will be considerable curly-top infection in these fields. Leafhopper 
infestation in the fall of 1943 was such that no large losses resulted. How- 
ever, early plantings adjacent to areas abounding with preferred food and 
breeding plants such as Russian thistle (Salsola kali L. var. tenuifolia 6. P. 


. PiO. 2. Flax flower symptoina induced by the curly-top virus. A. Normal flax flower 
fully open^, B. Flowers same age as in A from diseased plant showing failure of bud 
to open, T3m entire inflorescenee usually is in this condition. C. Petal from normal 
flower. Petals from diseased dower showing twisting and puckering in blister-like 

0 lOTJlTJlO H 13 « 

W. Mey), bractseale {Atriplex iTocteosa Wats.), and fogweed or silverscale 
(A. argentea subsp. expansa Wats.), which are host plants to both vector 
and virus, may easily suffer severe losses in years favorable to high leaf- 
hopper population. 





Fig. 4. Flax flower symptoms iuducod by tbe Calif oniia-aster-yellows virus. A. Pro- 
liferation of flower. B. Flower with petals absent. 0. Hormal flower from control plant. 
B. Flower with reduced petals. E, Virescenee or greening of flowers. 
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OALIPORNIA-ASTER-YELLOWS OP PLAX 

Flax grown from seeds was experimentally infected with the Calif ornia- 
aster-yellows virus by means of short-winged aster leafhopper, Macrosteles 
divisus (Uhl.), and the long-winged aster leafhopper, a race of the same 
species. The short-winged aster leafhopper failed to complete the nymphal 
stages, but a low population of long-winged adults was reared on flax. 

The first symptom on experimentally infected flax is a yellowing of the 
apical leaves of the stems. Secondary shoots arise from the axils -of the 
leaves (Fig. 3). Virescenee or greening (Fig. 4, E) and proliferation of 
the flowers occur (Pig 4, A). The petals are often reduced (Pi- 4 n 

or absent 4j B). ' 

Divisions op Entomology and Plant Pathology, 

University op California, 

Berkeley and Davis, California. 




TEANSMISSION OF PEACH WABT TO SWEET CHERRY^ 

S. M. Zeller and J. A, Milbrath 
(Accei)ted for publication February 15, 1945) 

Peach wart has become known in the Pacific Northwest through the work 
of Blodgett^ who first observed the disease in 1938. He reported the disease 
in eastern Oregon but it has now been found as far west as Yamhill County 
in this State. 

Two Improved Blberta x^each trees in Yamhill County, Oregon, with the 
wart disease have been the source of inoculum of the transmission studies 
reported here. The disease was transmitted by budding five trees of each 
of seven varieties of peaches, Early Crawford, Early Muir, J. H. Hale, 
Improved Elberta, Orange Cling, Rio Oso Gem, and Rochester. All inocu- 
lated trees bore warty fruits the following season. There were no leaf or 
stem symptoms, which would indicate that the source of inoculum was free 
of other viruses. 

It has been our practice to index the stone fruit viruses on several hosts 
in the genus Prumis. In this connection the symptoms of peach wart on 
sweet cherry have proved of intei’est. 

Five trees of the Napoleon (Royal Anne) variety and three trees each 
of the Lambert and Black Republican varieties were inoculated by budding. 
Trees inoculated in August begin to show symptoms by the next April and 
by May the symptoms are very characteristic in the new growth of the stems 
and in the newer leaves. 

In the Napoleon variety the stem symptoms at first are limited to necrosis 
in the vascular ring. This necrosis as far as 12 to 15 inches back from the 
tips results in a general die-back (Pig. 1). Sometimes there is more than 
normal branching. In addition the internodes of the last few inches near 
the terminals of the several branches are shorter and considerably larger 
in diameter than normal. This condition and resulting ^^eafiness^’ of the 
terminals give a rosetted appearance. There is a tendency toward smaller, 
narrower leaves as a result of crowding in the rosettes. 

The stem reaction in the Napoleon variety also occurs when the Black 
Republican and Lambert varieties of sweet cherry are inoculated with the 
peach-wart virus. 

The mottling produced in the leaves of the Napoleon variety is more 
characteristic and distinct than that produced in Black Republican or 
Lambert varieties of cherry. The mottling seems to start with chlorosis 
bordering veinlets. This spreads out to form larger ring-like patterns or 
even somewhat rectangular bands or lines on either side of veins (Fig. 2). 
In May and June the symptoms are especially prominent on most of the 

^ published as Technical Paper No. 450, with the approval of the Director of the 
Oregon Agricultural Experiiiient Btation. Contribution from the Department of Botany. 

2 Blodgett, Earle G, Peach wart. Phytopath. 33i SMS. 1943. 

(K)7 


, f 1 t'fVH. 

i; i ; V 









Phytopathology 


[VoL. 35 


young leaves. As tie season progresses and tie leaves mature the' symptoms 
become less conspicuous, until finally in late August the mottling has disap- 
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by peacli-wart virus and that produced by mild-mottle-leaf virus. Warty 
fruits, however, are not produced when peach trees are inoculated with mild 
mottle leaf of cherry. Cherry trees with the mild-mottle-leaf disease like- 
wise do not have the stem symptoms described for peach wart in cherry. 

The peach-wart virus was also transmitted from peach to cherry and 
back to peach without apparent attenuation. Buds from Napoleon and 
Black Eepublican cherry trees with symptoms of peach wart were used as 
inoculum in Early Crawford peach trees. Whether the virus came from 
peach through Napoleon cherry or through Black Eepublican cherry, the 
Early Crawford peach trees bore fruit with wart symptoms the next season. 


PiQ. 2. Leaves of 3 stages of maturity from a Napoleon cherry tree inoculated with 
peach-wart virus. Young leaf with prominent mottling and two older leaves showing 
disappearance of mottling with maturity. 

Cherry therefore may be a host of the peach- wart mvus, although this virus 
has not been found in cherry under natural conditions. 


SUMHAEY 

Peach wart found in Improved Elberta trees in western Oregon was 
transmitted to seven varieties of peach trees and to Black Republican, 
Lambert, and Napoleon (Royal Anne) sweet cherry trees. The symptoms 
in sweet cherry leaves and stems are described. Pench-wart virus was also 
transmitted from the sweet cherry trees back to peach trees without appar- 
ent attenuation of the virus in cherry. 

Oregon Ageictjltural Bxpeeiment Station, 

Corvallis, Oregon. 



ANATOMY OF BUCKSKIN-DISEASED PEACH AND CHERRY^ 


H E K R T Schneiders 
(Accepted for publication March 1,1945) 

INTRODUCTION 

Anatomical c}iaiige>s induced by the presence of virus in plant tissues are 
of interest and importance for several reasons. They may serve to indicate 
the avenue of entry of virus into the plant and the subsequent path of 
migration. This may in turn be of assistance in determining the vector or 
vectors of a given virus. In many cases a knowledge of internal microscopic 
symptoms will lead to a better understanding of the external symptoms upon 
which diagnosis largely depends. 

Necrosis of the sieve tubes is a characteristie anatomical change produced 
in buckskin-diseased peach on peach stock and in sweet cherry when on 
Mahaleb root stock. Rawlins and Thomas (16) noted that a disturbance 
occurred in the phloem of peach and cherry which was indicated by a wound- 
gum reaction when sections were treated with phloroglucinol and hydro- 
chloric acid. They later stated that the phloem necrosis resembled that of 
potato leaf roll (31) * Necrotic spots frequently form in the leaves of affected 
peach trees. The histology and histochemistry of the formation of these 
spots has been briefly described (16), The present paper considers the 
structure and development of the phloem of diseased peach and cherry and 
compares this tissue with the phloem of the healthy peach and cherry as 
described in a previous paper (17). Studies on thf^ histochemistry of 
affected phloem tissues and on the anatomy of peach and cherry on incom- 
patible root stock are also described. 

% ■' 

EXTERNAL SYMPTOMS OF THE DISEASE IN PEACH AND CHERRY 

Buckskin disease was first described and so named on the basis of material 
of sweet cherry (Pnrn IIS L.) collected at Green Valley, Solano County, 
California (14). The principal symptoms were failure of fruits to mature 
and the development of a leathery fruit surface. Leaves of infected cherry 
trees often became bright orange to red in the basal part of the lamina. 
Some years later a disease of peach at first designated as ‘‘leaf casting yel- 
lows” was also found to be caused by the buckskin virus (20). The chief 
symptoms in peach (P, Persica Sieb. and Zuec.) are yellowing and rolling 
of leaves, death and abscission of irregular areas in the lamina, and shedding 
of fruit and leaves of affected branches in early summer. Other symptoms 

1 of a theEig submitted in partial fulfilltiaent of requirements for the degree of 
Boetor of Philosophy;, tJaiversity of Oaliforma, 1943. 

^ s The author k indebted to Drs. Katherine Esau and II. Earl Thomas for guidance 
m the work and preparation of the manuscript. Dr. Thomas and T. E. Rawlins supplied 
the |lant material used. Several members of the Division of Plant Pathology of the XJni- 
vermty of Oalifomla and the Guayulo Research Project kindly read and criticized the 
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Fig. 1, A. PMllipa Cling peach stem affected by the Palo Alto strain of the buck- 
skin virus (x04)» B. A healthy peach shoot (xO.4). G. Left. BwoUen veins in a 
Muir seedling leaf affected by the Palo Alto strain of buckskin virus. Eight. A normal 
leaf (X 1.1). P. Transverse section of noninfeeted Palora peach stem (on Myrobalan 
stock) li inches from the stem tip. Arrows point to three of the necrotic sieve tubes. 
In the new band of secondary phloem the sieve tubes have not undergone turgor expaiision 
(x200). 
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produced by two distinct strains of buckskin virus on cherry md peach have 
been described in some detail (21) . 

Two new strains of buckskin virus^ were used in some of the tests. One 
was collected in peach at Palo Alto, California. It has not been found in 
sweet cherry nor has it been successfully inoculated into a sufficient number 
of cherries to permit a detailed study of symptoms in them. The early symp- 
toms produced by this strain in peach are similar to those produced by the 
Green Valley virus. These are followed, however, by extreme dwarfing of 
leaves and shortening of internodes (Fig. 1, A and B) while the terminal 
buds continue to grow slowly far beyond the normal growth period. Another 
strain of buckskin virus obtained from a peach orchard at Merced, Cali- 
fornia, produced symptoms similar to those caused by the strain of virus 
found at Green Valley, but the Phillips Cling variety of peach was more 
severely affected by it 

METHODS AND MATERIALS 

The methods used on the diseased material are the same as those described 
elsewhere for healthy trees (17) . Unless otherwise specified it is understood 
that the trees were inoculated with the Green Valley strain of virus. Special 
methods are given later for the work on diseased cherry. 

ANATOMY OF DISEASED PEACH 

Pathological Anatomy of the Primary and Early Secondary Phloem 

In general the pathological changes observed in the primary and early 
secondary phloem of diseased peach trees are clear cut. At the onset of the 
disease the sieve tubes and companion cells become necrotic and collapse in 
the older part of the phloem (Fig. 2 and 3, B). In these early stages, the 
necrosis may then proceed even to the youngest sieve tubes (Fig. 4, B) . Fol- 
lowing this, new phloem may be formed to replace the affected phloem, and 
the sieve tubes in this new tissue may also become necrotic (Fig. 5, B, and 
8, D) . Although these are the usual features of the diseased phloem tissue, 
other characteristics have been noted in diseased stems and are described 
later with reference to the conditions under which they occurred. The 
structure of the median trace of leaf 13 from the shoot tip at a point just 
below where it diverges from the stem and above where it was first branched 
is used for comparison with healthy trees as described elsewhere (17) . 

In the greenhouse, young normal appearing shoots growing from the 
portion of diseased trees that had been cut back had no phloem 
necrosis or other abnormalities. In some cases such tips were found to be 
free of virus when they were grafted to healthy trees. Three weeks later 
symptoms were present on leaves two or three inches from the tips of the 
new stems on the trees that had been cut back. Sieve tubes of the primary 
phloem had become necrotic in the petioles of leaves with symptoms and a 
wide band of secondary phloem had been produced. In comparable normal 
petiotei little secondary phloem is present and the metaphloem is not obliter- 
Ttoe st?aiE8 were collected aad tested and are here described by H. Bari Tliomas, 
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HiG. 2. Transyerse sectioa of a young peach stem, newly affected by Green Valley 
buckskin virus. Some of the older sieve tubes of the primary phloem were oblxterated 
and others were necrotic. The older sieve tubes in the secondary phloem were becoming 
necrotic (indicated by x's). Normal sieve tubes are marked with mples. The outer 
sieve tubes that have not collapsed do not liave thick nacrd walls (x ovo). 
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* rl!”' sections from peach shoots affected by Green Valley buckskin virus, 
‘t r&rt A tyows point to neerotie protophloem sieve tubes 
B. Phloem strands of the median trace from leaf 13 two mm. from the stem 
Til. profoundly affected as other traces at the same level. Several 

sombcoUapsed (marked with x’s). Normal sieve tubes are 

parenchyma cells 
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ated, even in old leaves. Necrosis of the metaphloem and older secondary 
sieve tubes in the stem below the affected leaves had also occurred (Pig. 2). 
Normally no secondary sieve tubes would he obliterated at this stage and 
some of the metaphloem sieve tubes would still be functioning. Sieve-tube 
necrosis was absent or just appearing in parts of the stem above the affected 
leaves. 

Shoots from a tree affected by the virus for several weeks had ceased 
elongating and symptoms were present in leaves about five inches from the 
tips of the stems. Necrosis had occurred in many of the sieve tubes begin- 
ning with those first formed in the leaf primordia and stem (Pig. 3, A) and 
continuing with those derived from the cambium in parts of the stem pro- 
ducing secondary growth. The outer primary phloem fiber initials that had 
undergone turgor expansion but had not yet developed secondary walls, w^ere 
occasionally collapsed in the leaf traces. The cambium in some places con- 
tained heavily staining precipitates. Its order ly arrangement was disturhed 
and cells were frequently crushed. In the median trace from leaf 13 of an- 
other of the shoots affected, for several weeks only a few more sieve tubes had 
collapsed under the influence of necrosis than would collapse in normal 
obliteration (Pig. 3, B). In some of the younger traces at the same level, 
however, all the sieve tubes had collapsed. Apparently the virus is not pres- 
ent in equal quantities or is not equally active in all leaves and traces. This 
is substantiated by the general experience that not all buds from affected 
shoots transmit the virus when transferred to healthy plants. 

Another stem had severe leaf symptoms at its tip and appeared to have 
stopped growing as a result of the disease, but sections showed that a number 
of leaf primordia had been produced since the onset of the disease. Appar- 
ently all the sieve tubes in the stem at the time of the onset of the disease as 
w^ell as some of the partially differentiated fibers were killed (Pig. 4, A 
and B). New imperfectly differentiated sieve tubes were present at the 
time the material was taken for sectioning. Parenchyma cells apparently 
produced after the onset of the disease had thin walls, wavy in outline. In 
the primary phloem of newly initiated traces, there was no differentiation 
of primaiy ray cells or of large fiber initials. A few recently formed phloem 
mother cells had divided to form sieve tubes and companion cells, but the 
sieve tubes did not undergo turgor expansion (Pig. 4, A) . In tissues in and 
around the median trace of leaf 21, most of which was probably initiated 
before becoming affected by the virus, there were necrotic cells other than 
sieve tubes (Pig. 4, B) . Some of the parenchyma cells were hypertrophied. 
All of the cells of the outer row of primary phloem fiber initials were col- 
lapsed. This type of flattening of the outer fiber cell initials was found in 
all traces at this level. 

Some diseased shoots continue to grow after infeetion of branches (Pig. 
1, A). The interiiodes of the new growth, however, do not elongate fully 
and the leaves are small and rolled. The veins soon become swollen (Pig. 1, 
C), The development of the phloem was somewhat abnormal in several such 
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shoots. In one such shoot affected by the Green Valley strain of virus the 
youngest leaf primordia to contain sieve tubes developed apparently nor- 
mally, but there was some indication that the older sieve tubes became 
necrotic sooner than they would have normally. The median trace of leaf 13 
had developed very much like that of a normal stem : the primary phloem 
was laid down in elliptical strands that were more or less isolated from the 
secondary phloem by parenchyma cells ; the fiber initials expanded normally ; 
and about the usual number of sieve tubes were in the primary phloem (Pig. 
5, A). It differed from the 13th trace of an elongating stem or one ceasing 
to elongate in that it was producing secondary phloem. However, in this 

TABLE l.—Belative age of the leaf primordium with respect to differentiation of 
the vascular elements and necrosis of sieve tubes 


Number of the leaf primordium in which 
character or change first appeared 


Btem tip number, nature of 
growth, and symptoms 


Sieve 

tubes 


Leaf base 

Thick- 
walled 
xylem 


Phloem 
obliteration 
or necrosis 


1. Succulent, with apical growth. No 


Petiole 

Thick- 

walled 

xylem 



symiitomB 

5 

7 

11 

6 

2. 

Apical growth nearly stopped. Symp- 
toms on 5th expanded leaf. Newly 
infected 

6 

8 

11 

8 

3. 

Apical growth stopping. Symptoms 
on 8th expanded leaf. Infection 

7 weeks old 

6 

7 

6a 


4. 

Same as 3 

5 

7 

7b 

6 

5., 

Apical growth stopping. Symptoms 
on leaves at stem tip. Old infec- 
tion 

0 

6 

6c 

6 

6 . 

Nodes short and leaves small. Chronic 
infection 

6 

7 

7d 

7 


. 'S ; 

j ; ‘ 


^^Leaf bases 7 and 8 contained partially collapsed sieve tubes and leaf base 9 showed 
complete collapse of 5 out of 7 of them in some sections. (The degree to which a section 
of a sieve tube is collapsed depends on its proximity to a sieve plate.) 

Two sieve tubes crushed and one fattened (Pig. 3, A), 
e All of the sieve tubes were collapsed in trace 7. 
d Pour out of five sieve tubes w^ere crushed in trace 8. 

respect it resembled a normal trace in a stem that had not produced apical 
growth for seyeral weeks, except that no mature sieve tubes were in the 
secondary phloem of the diseased trace. Normally such maturation pro- 
ceeds before so many cells are initiated. Nacre walls (thick creiiulated walls 
with a pearly luster) were absent in the sieve tubes of the metaphloem. 
Fiber initials had not .started to lay down secondary walls as occurred in the 
13th median leaf trace of healthy Orange Cling peach steins which were 
growing slowly. At lower levels in the stem many more sieve tubes were 
necrotic than are normally obliterated (Fig, 5, B). 

In summary it may be said that the most common anatomical change 
caused by the disease watS the necrosis of sieve tubes. This necrosis was 
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similar to obliteration but occurred in sieve tubes before their normal period 
of functioning was completed. In severe cases the youngest sieve tubes 
became necrotic (Table 1), the orderly arrangement of cells in the cambium 
was affected, some parenchyma cells of the phloem and cortex collapsed while 
others were hypertrophied, and fiber initials in some cases were collapsed. 
Ontogeny after such severe attacks was abnormal. Primary rays did not 
develop nor did sieve tubes and fiber initials undergo turgor expansion. In 
steins that continued slow growth with shortened internodes and swollen leaf 
veins after arrival of the virus at the stem tip, ontogeny approached the 
normal; but the older sieve tubes became necrotic somewhat before they 
should normally have been obliterated and then they were replaced by new 
phloem. 

Hist 0 chemical Changes in the Secondary Phloem 

It has been reported that wound gum was present in the secondary 
phloem of peach affected by buckskin virus (16). According to Kiister (11), 
wound gum is characterized by the following properties. It does not dissolve 
or swell in water, it is insoluble in alcohol, ether, carboiidisulphide, potas- 
sium hydroxide, sulphuric acid, cold nitric acid, and cold aqua regia. It is 
soluble in warm nitric acid (concentration not given) and in a mixture of 
HCl and KCIO3. It stains red with phloroglucinol and HCl. Hewitt (9) 
in his studies on olive regarded wound gum as a water-insoluble substance 
which turns red when treated with phloroglucinol and hydrochloric acid but 
..gives a negative reaction with the Maule test for lignin. The material here 
referred to as wound gum does not have all of* the properties ascribed to it 
by Kiister, but it does have the properties of the substance in olive abscission 
layers which Hewitt refers to as wound gum. 

Wound gum was confined for the most part to the walls and contents of 
collapsed sieve tubes of diseased peach, but in some instances it extended into 
the middle lamella of adjacent parenchyma cells. Sieve tubes first lose their 
thick nacre walls and callus appears on the sieve plates. Later they collapse 
and wound gum may be observed. Sieve tubes may be completely flattened by 
the pressure of adjacent cells (Fig. 6, B and D) . It was noted at times that 
not all of the necrotic sieve tubes contained wound gum; although, the time 
for its synthesis in the process of necrosis may have been passed. Wound 
gum was not present in the primary sieve tubes of peach. 

The phloroglucinol-staining material in the walls of buckskin-diseased 
sieve tubes was not removed after sections cut in paraffin were treated in 
10 per cent nitric acid in a test tube immersed in a bath of boiling water 
for three hours. However, it no longer reacted with phloroglueinol and 
HOI after this treatment. Wound gum was not completely removed from 
apple wood affected by Polystichcs versicolor when subjected to the same 
treatment. It was not removed from the diseased sieve tubes of peach or 
from vessels of diseased apple wood after treatment in a mixture of equal 
parts of saturated KCIO3 and 18 per cent HOI for 18 hours. This mixture 
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yields chlorine gas as an end product. Sieve-tube walls of peach remain 
yellow when tests are made for cellulose with IKI and H 2 SO 4 after these 
treatments. After removal of the wound gum by alternate treatments with 


Fio. 6. Section^ of secondary phloem: of peach taken in December from greenhouse 
trees. A. Transverse section of healthy phloem between two rays. Bieve tubes have thick 
walls and sieve plates are in view in some of them,. Calcium oxalate crystals have caused 
several parenchyma cell walls to disintegrate. B. Transverse section of buckskin-diseased 
phloenUt All sieve tubes and companion cells have become necrotic. 0. Longitudinal 
radial section of healthy phloem. One sieve plate is in view. D. Longitudinal radial 
section of buckskin-diseased phloem. One sieve tube and companion cell have degenerated. 
(A and B| x 465 j 0 and D, x 640. s.p. — sieve plate; s.t. — sieve tube; nee. — ^necrosis.) 

chlorine water and 2 per cent NasSOj at 95° C. (the method of Cross and 
Bemn for removing lignin) the affected walls stained much darker blue than 
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adjacent parenchyma cells when te>sted for cellulose with IKI and H2SO4. 
Occasionally weak coloration was obtained in affected sieve tubes when sec- 
tions were treated by the method of Manle for lignin. 

Stem Cankers 

When a virulent strain of virus or a very susceptible peach variety is 
involved, rapidly growing shoots frequently develop cankers on the stem 
soon after the onset of disease. In Phillips Cling peaches affected by a 
strain of virus found in an orchard at Merced, California, this was particu- 
larly obvious. In the cortex of one such stem there was a large gum pocket 
and the cells around it from the epidermis to the xylem were necrotic (Fig. 
7, A) . Two smaller gum pockets were in the phloem and cambial region of 
the necrotic tissue. In the living tissue near the canker various abnormali- 
ties occurred. In the uiilignified area of the xylem just below the cambium, 
gum ducts were forming. The cambium was abnormal in that it was not 
a layer of periclinally dividing rectangular cells. Instead, cells had divided 
in all directions and had become polygonal. In the most recently produced 
phloem the sieve tubes had not matured. In the older secondary phloem 
and in the primary phloem, the sieve tubes were necrotic. In another canker, 
a portion of the cortex and phloem 'were isolated by a periderm (Fig. 7, B). 
Primary phloem fiber strands were also isolated by periderm layers. Gum 
ducts were in the unlignified xylem tissue just beneath the cambium. In 
diseased material of a naturally infected seedling peach collected at Palo 
Alto, California, isolation of poi’tions of the cortex and of the primary 
phloem fibers by periderms was very common. Gum ducts in the wood were 
frequently observed. 

Anatomy of Swollen Veins in Peach Leaves Affected hy the 

Buckskin Virus 

Most leaves on peach branches affected by buckskin are prematurely 
abscissed. The veins of the older leaves that do not fall often become 
greatly enlarged when the plants are grown under glass (Pig. 1, C). Vein 
swelling is also seen occasionally in affected orchard trees. Eawlins and 
Thomas (16) reported that the swelling results from hypertrophy and 
hyperplasia in the phloem area; and that because of the vein-swelling the 
upper epidermis and palisade tissues separate from the lower epidermis and 
spongy parenchyma. Cavities arise on both sides of the vein. Cells of the 
bundle sheath frequently expand into the cavities and become quite large. 
The writers observed no necrosis. 

In the present work swollen veins were characterized by necrotic sieve 
tubes and an abnormal production of secondary phloem. Occasionally 
secondary xylem has been observed in sections of swollen veins. Most of the 
phloem cells produced were parenchyma cells, rectangular when observed in 
a radial section. The sieve tubes were crushed and could be identified by 
the callus, stained with laemoid, on their end walls. 
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Affected petioles show a similar anatomical picture (Fig. 8). All of the 
primary phloem sieve tubes may become necrotic as well as the older abnor- 
mally produced secondary sieve tubes. Longitudinal sections of the abnor- 
mally produced secondary phloem show rectangular parenchyma cells with 
crushed sieve tubes bet>veen them. The presence of sieve plates in the end 
walls of the crushed sieve tubes has not been ascertained, but staining with 
lacmoid indicated that callus had developed. 

Swollen Veins and Phloem Degeneration Caused hy Binging 
of Stems of Disease-Free Peach Trees 

Leaves above an injured portion of stem may develop swollen veins. This 
suggested an experiment to determine if ringing would cause vein swelling 
similar to that in buckskin-diseased trees. A ring of bark about one-half 
inch wide was removed from each of several branches. The ring was wrapped 
with grafting tape to prevent drying. In an Orange Cling peach tree girdled 
in July the leaves eventually turned yellow, developed swollen veins, and 
many abscissed. Leaves of nonringed branches remained green, with normal 
veins. Sections of veins and petioles of leaves from ringed branches indi- 
cated that the cambium produced excessive amounts of secondary phloem. 
The newly produced sieve tubes resembled normal ones, and the original 
primary sieve tubes developed callus and were obliterated. Gccasionally 
veins are very profoundly affected. In one such case cells of the xylem and 
phloem on one side of the vein became hypertrophied. The cambial region 
was very active and produced an abundance of flattened cells. Normally the 
metaphloem functions during the life of the leaf, with production of a trace 
of secondary phloem in petioles but none in lateral veins. 

Two weeks after having been ringed the peach stems showed considerable 
change in the phloem in sections taken one-half inch above and below the 
ring. Leaves above the ring were still green and normal at this time. In 
the sections one-half inch below the ring vertical gum pockets had formed 
in the unlignified xylem mother cells just beneath the cambium. The 
cambium was not active and the sieve tubes still had thick nacre walls. No 
wound gum was present. Above the ring the sieve tubes showed a wound 
gum reaction of medium intensity, gum pockets had formed in the outer 
xylem, the cambium was very actively producing new xylem and phloem, 
and the older secondary sieve tubes were partially collapsed. Callus was 
observed in some of dhe sieve plates of the eollapsed sieve tubes. Sections 
three and one-half inches below the ring were normal. In sections taken 
four inches above the ring the sieve tubes in the outer half of the secondary 
phloem were partially eollapsed and their sieve plates were callused, but the 
nacr6 walls were still present. Phloem in sections thirteen inches above the 
ring were normal Two nonringed braiiches were used as cheeks. Stem 
sections from immediately above the rings of branches ringed three months 
earlier revealed that the sieve tubes in about the outer three quarters of the 
phloem had lost their nacre walls and were eollapsed. The functioning sieve 
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tubes iu tbe quarter of the phloem near the cambium were small but other- I 

wuse appeared to be normal. I 

i 

Phloem Degeneration in Healthy and Buchskin-Diseased Peach it 

on Incompatible Rootstocks i 

Myrobalan EhrL) rootstocks are not completely com- I 

patible -witli peach tops. After peach scions or buds on such stocks grow i 

to be several feet long under lath or in the greenhouse the leaves often roll, ' 

turn yellow, have swollen veins, and drop prematurely. Since these symp- 
toms are similar to those of a buckskin-diseased peach, except that no death 
and abscission of irregular areas of the leaves occurs, the anatomy of such 
shoots is of interest. In several such stems a positive test for wound gum . I 

was obtained in the phloem. In a stained section of one such stem the sieve I 

tubes of the metaphloem and the outer half of the secondary phloem were I 

necrotic (Fig. 1, D)* The inner part of the secondary phloem consisted of f 

new tissue in which the sieve tubes were about half the size of the average j I 

parenchyma cells. The sieve tubes. evidently had failed to enlarge after the 
division of the phloem mother cells. 

No wound gum was observed immediately below buckskin-diseased peach 
scions (Merced and Palo Alto strains) in four Myrobalan trees or in the | 

trunk or tap root of one of them. The peach scions had severe phloem 
injury. 5 

ANATOMY OF BUCKSKIN-DISEASED CHERRY 

Rawlins and Thomas (21) reported that wound gum is present in the ^ 

phloem of stems of young buckskin-diseased sweet cherry tops on Mahaleb 
stock. When tops on Mahaleb stock become infected they die ; however, such 
infections rarely occur naturally. The vegetative growth of trees on Maz- :! 

zard roots on the other hand is not seriously affected by the disease (15), | 

Examination of the phloem of these plants has suggested some explanation i 

of these phenomena. :• 

Methods and Materials ^ 

Necrosis of sieve tubes caused by buckskin virus in cherry was deter- | 

mined in many instances by a positive test for wound gum in the sieve tubes. 1 

Sliding microtome sections were used. The coloring by phloroglucinol and 
HCl due to the presence of wound gum was graded into three classes depend- 
ing on its intensity and the area it covered. The location of the gum was ; 

dary phloem of which only a trace is formed. The inner side of the primary phloem j 

strands contains functioning metaphloem sieve tubes. The outer portion is composed of c 

protophloem cells which enlarged and lengthened as the protophloem sieve tubes were H 

obliterated. In stems, such cells have secondary walls and are the primary phloem hbers, !?: i 

s.pl.— sieve plates, ohh— obliterated cells. Dots in parenchyma cells adjoining primary 
phloem strands indicate the approximate division between the cortex and primary phloem. 

C. BucksMmdiseased petiole. The metaphloem sieve tubes are necrotic (outer margin of i 

the metaphloem is indicated by dots in adjoining parenchyma cells). There are no large 

parenchyma cells separating the primary phloem from the secondary phloem. B, Lower 1 :. 

magnideation of 0 showing a wide band of secondary phloem which was produced and in 
which the sieve tubes became necrotic. Bashes indicate the approximate division between 
the primary and secondary phloem, nee. = necrosis. (A and 0, x 330; B and B, x 125.) 
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also recorded in some cases, Lacmoid stain was used at times to determine 
the presence of definitive callus on the sieve plates. The presence of callus 
in amounts sufficient to completely fill the pores in the sieve plates was 
regarded as the first sign of cessation of functioning of the sieve tubes. Sec- 
tions were made at several places on each tree. Celloidin and paraffin sec- 
tions were also prepared from bark of several of the trees from an experi- 
mental field plot. 

Wound Gum m Sieve Tithes of Eealthy Cherry Trees with 
Mahaleh Boot Stocks 

To determine whether healthy trees contained wound gum the phloem 
of four young trees grown in the greenhouse was studied during the summer. 
A band of large sieve tubes formed during the spring and summer is here 
called the summer phloem; and the narrow band of smaller sieve tubes pro- 
duced in the autumn is called winter phloem (17). Occasional sieve tubes 
of the old nonfunctioning phloem and outer summer phloem in a side branch 
of one tree, and a few sieve tubes of the main trunk of another contained 
wound gum. Sections through the main trunk above and below the bud 
union of one tree and through the tap root of another tree revealed no 
wound gum. 

In addition, three noninoeulated Napoleon cherry trees on Mahaleb stock 
which were dying from root rot were also sectioned through the trunk. One 
w^as free of wound gum and the other two contained occasional sieve tubes 
with gum in the outer border of the summer phloem and in the previous 
winter ^s phloem. 

The trunk and older limbs of healthy Napoleon orchard trees with 
Mahaleb root stock show^ed wound gum more often than trees grown in the 
greenhouse. Most of the wound gum was formed in the autumn. At this 
time definitive callus formed on the sieve plates somewhat earlier in the 
Mahaleb stock than in the sweet-cherry tops. Such callus formation began 
in the older sieve tubes. This difference in callus formation was evident in 
some sections made about an inch above and below the graft unions of four 
Napoleon cherry scions on Mahaleb cherry stock. The branches were from 
four to six inches in diameter and were still in full leaf. The cessation of 
sieve-tube function in the outer half of the Mahaleb phloem probably caused 
a barrier to translocation in the outer half of the still active phloem of the 
Napoleon tops and played a part in the necrosis of sieve tubes in the Na- 
poleon tops. There were usually more sieve tubes with wound gum above 
the union than below. The fact that the width of the summer phloem of 
Mahaleb stock in five orchard trees was only about five-sevenths of that of 
the Napoleon top is also of interest in this connection. Likewise the Mahaleb 
Stock of a greenhouse tree had a band of summer sieve tubes 175 microns 
wide m compared to 290 microns for the Napoleon top in sections taken 
above and below the bnd union. The ratio of parenchyma cells to sieve 
tubes m the two species appeared to be comparable but no detailed study 
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was made. In side branches of sweet cherry tops taken from the same 
orchard trees several feet from the unions there was little or no gumming 
of sieve tubes. 

In sections from orchard collections made in the winter^ three of ten side 
branches near the bases of trees gave mild wonnd-gnm reactions, five con- 
tained occasional sieve tubes with wound gum, and one was free of wound 
gum. The mild reactions were observed 400 to 500 microns from the 
cambium. 

In the summer, sieve tubes with wound gum were found in the phloem 
of the previous winter and early spring. Sections above the bud union from 
a healthy tree budded near the ground level contained a few sieve tubes with 
wound gum on the outer margin of the summer phloem, but no gum w'as 
present in a branch near the top of the tree. Two trees which were dying 
because of girdling by gophers did not contain gum in the summer phloem, 
but a small amount was in the previous winter's phloem. One section made 
above a bacterial gummosis canker on a large limb showed a mild reaction 
in the outer part of the summer phloem and a strong reaction occurred in 
the previous summer's phloem in the Mahaleb stock below the canker. 

These observations show that wound gnm is sometimes found in non- 
functioning winter phloem and in the outer summer phloem of apparently 
healthy orchard trees on Mahaleb stock. Apparently sweet cherry tops are 
not entirely compatible with Mahaleb stock. The slight incompatibility 
between the two cherry species appears to be caused by differences in phloem 
area and in differences in the time of callus formation in the autumn. 

Woimcl Otim in Sieve Tubes of BiicksMn-jDiseased Trees 
on Mahaleb Stocks 

Four Napoleon trees on Mahaleb rootstock, growing in a glasshouse and 
inoculated with Green Valley buckskin virus, were sectioned in different 
places in each tree just as symptoms were beginning to show. The results 
are illustrated in figure 9 which gives a diagrammatic longitudinal view of 
the phloem of one of the trees and is characteristic of all of them. The 
phloem wuth no wound gum in the Napoleon tops is of about the same width 
as the summer phloem of healthy trees, but only about 70 microns of un- 
affected phloem remains in the Mahaleb stock just below the bud union. 
The 70 microns include the cambium and partially differentiated sieve tubes. 
Only a few spots of wonnd gnm were present ten inches below the union 
and no gum at all was present below a branch of the Mahaleb stock. The 
side branch of the Mahaleb stock did not contain wound gum. Seven branch 
roots at distances of eight to twelve inches from the bud unions of two of the 
other trees similarly affected at the graft unions either contained no gnm 
or only occasional spots in the outer part of the phloem. The fourth tree 
gave a reaction of medium intensity in the only root sectioned. A tree 
which had lost all of its leaves because of the disease had wound gum in the 
sieve tubes of the phloem much nearer to the cambium in the Napoleon top 
than had been the case in the trees just beginning to show symptoms. 
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Tests have been made for wound gum in diseased orchard trees. Measure- 
ments of the phloem in four diseased Napoleon scions on forked Mahaleb 
stocks in the fall indicated that the region near the union contained two 
and one-half times the amount of summer phloem as did healthy Napoleon 
branches on the other fork of the same Mahaleb trees. The abnormal tissue 
contained more phloem parenchyma cells and fewer sieve tubes than normal 
summer phloem, and the sieve tubes in the older part were necrotic. The sieve 
tubes of the Mahaleb stock were necrotic nearer the cambium than were those 
of the Napoleon tops, and in two cases they were ultimately killed all the 
way to the cambium. Material collected at other times of the year has also 



Pia. 9, Left. Sketch of a cherry tree on a Mahaleb cherry stock. The larger 
branch which was severely affected by the buckskin virus is the Napoleon cherry portion. 
The smaller Mahaleb branch did not contain wound gum in the phloem. Eight. A dia- 
gram of the phloem of the right side of the tree showing the location of wound gum. 
Sieve tubes in most of the mature phloem of the Mahaleb had become necrotic. 

shown that more phloem tissue is killed in the Mahaleb stock than in the 
Napoleon tops (Fig, 10). 

Studies were made of the occurrence of wound gum at levels below unions 
of diseased orchard trees on Mahaleb stock. Injury was just as severe in 
portions of the stem nine to twelve inches below the graft union as immedi- 
ately below the union in four branches of Mahaleb with severely affected 
Napoleon scions. In the ease of a tree budded near the ground level the 
amount of injury decreased at increased distances below the union. The tree 
was just beginning to show leaf symptoms. At 38 inches below the union 
only occasional sieve tubes contained wound gum. Another tree, inoculated 
at the same time but taken six weeks later when the leaves were wilted and 
yellow, had uniform amounts of wound gum as far as twenty-two inches 
, below the bud union. 
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Pig. 10. Transverse sections from a buckskin-diseaesd Napoleon cherry tree on 
Mahaleb rootstoek taken above and below the bud union. The tree was nine ^oars old 
aEd was "badded near tlie grouEd. It was iEociilated iE Februaty, tae loaves 

were wiltiEg aEd turEmg yellow ia September, 194.1, whoE the sections were made, 
A. NapoleoE top. The width of phloem (A) betweeE the arrows (320 fx) is eomposed of 
funetioEiEg phloem* The width (B) (180 p,) contams callused 

mainder of the phloem coEtaiES callused sieve tubes with wound gum* B. Mahaleb stocfe* 
The sieve tubes are collapsed to the cambium. (Both xllO.) 
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Two trees which suiwived the first yeflr they were iiiocul&ted. 9.nd. which 
were examined the following spring after a few’ large sieve tubes had been 
produced had no wound gum or callus in the winter or new spring phloem; 
but a strong reaction occurred in the previous summer’s phloem. 

There was a similar distribution of wound gum in buckskin-diseased 
Early Eichmond cherries {Primus cerasus Linn.) and in P. molis (Walp.) 
when on Mahaleb. The injury was most extensive below' the graft unions. 

Histochemieal studies have shown that the wnund gum in the sieve tubes 
of diseased cherry has the same properties as that in diseased peach. 

These observations perhaps indicate that the virus is elaborated in the 
Napoleon cherry tops and is then carried to the Mahaleb stocks by way of 
the phloem Avhere severe necrosis results. The injury in the older phloem 
of the Napoleon tops is probably a secondary effect caused by necrosis of 
sieve tubes in the Mahaleb phloem. The injury wns only apparent in the 
Mahaleb cherry phloem near the graft unions of trees in early stages of the 
disease, but it extended further down the trunk and roots in later stages. 

Wound Gum in the Sieve Tubes of Diseased and Healthy Cherry 
Trees on Mazzard Roots 


With the exception of one sample taken just beneath a canker in the 
cortex, buckskin-diseased and nonbuckskin cherry trees grown in orchards 
on Mazzard roots contained no wound gum. No w’ound gum was in 
branches from three trees suffering from zinc deficiency, in a branch of a 
tree suffering from bacterial gummosis, and in eight sections from branches 
and roots of five buckskin-infected trees. The absence of wound gum and 
phloem degeneration is in keeping with the relatively mild external sjonp- 
toms in buckskin-diseased trees grown on Mazzard stocks. 

Young Napoleon cherry trees on Mazzard roots which were grown in the 
greenhouse and were infected with the Green Valley and Palo Alto strains 
of virus had some wound gum in the phloem. In the Mazzard rootstock of 
one normal-looking tree which had been inoculated with Green Valley buck- 
skin virus three years earlier, there were several bands of wound gum in the 
nonfunctioning phloem of previous years in the trunk, tap root, and branch 
roots. The nearest sieve tubes which contained wound gum were 400 microns 
from the cambium immediately below the bud union and 300 microns from 
the cambium at a point five inches below the bud union. The current sea- 
son’s phloem was apparently not affected. The Napoleon top'" at three levels 
had only occasional sieve tubes with wound gum, and they were 600 microns 
from the cambium at a point jusf above the union. Another normal-looking 
tree infected by the same virus gave a mild reaction in the outer margin of 
the summer phloem in a section a few inches from where a branch was 
inarched to a diseased sour cherry tree (Prunus cerasus). Above the bud 
union a reaction of medium intensity was obtained 400 microns from the 
cambium. The color was less intense below the bud union but occurred only 
230 microns from the cambium. Six inches below the union in the tap root 
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the coloration was spotted, and it was absent in a lateral root. A normal- 
looking cherry tree on Mazzard root stock inarched to a peach tree infected 
with the Palo Alto virus showed only spotted reactions in five sections taken 
at points throughout the tree. The affected sieve tubes were 300 to 500 
microns from the cambium. Another Napoleon tree carrying peach scions 
affected by the Palo Alto strain of virus on several top branches showed mild 
injury in the branches below the scions, medium injury in the trunk just 
below the branches, mild reactions above and below the bud union, and none 
at all in the roots. The reactions were observed 200 to 270 microns from the 
cambium in the outer summer phloem. Two of three sour cherries on Maz- 
zard roots gave light reactions in stems of young greenhouse trees but little 
or no gum was present above and below the bud unions. 

The results indicate that the diseased young sweet cherry trees on 
Mazzard stocks grown in the greenhouse were more susceptible to sieve-tube 
injury than large orchard trees. Possibly because of genetic variability, 
some Mazzard seedling root stocks showed more phloem injury than others. 
Also, several peach scions infected with Palo Alto virus caused more injury 
in the cherry being inoculated than "was obtained with single cherry scions 
infected with Green Valley virus, or than was obtained by inarching the 
ends of branches of diseased trees to the trees being inoculated. The amount 
of injury observed in trees on Mazzard stock did not in any case approach 
that in sweet cherries on Mahaleb stock. 

Two noninoculated Mazzard seedlings about three feet tall which were 
growing in five-gallon cans contained no wound gum in the sieve tubes 
although one of them was dying (apparently from bacterial gummosis). 
A healthy Napoleon tree on Mazzard roots showed no injury above and 
below the union, but occasional sieve tubes in the tap root contained wound 
gum. 

Anatomy of Swollen Yems of Diseased Cherry 

Leaves with swollen veins w^ere collected from a buckskin-diseased Na- 
poleon cherry tree on Mazzard roots in Green Valley, California, in Augiist, 
1941. Paraffin sections of a lateral vein showed that the swelling was 
caused by excessive amounts of new secondary xylem and phloem. The sieve 
tubes had very thick nacre walls and the metaphloem sieve tubes were par- 
tially crushed. About half of the cells between the phloem rays were sieve 
tubes and about half were parenchyma cells. Sieve plates of the sieve tubes 
in the older half of the phloem were eallused. " 

Leaves from the healthy trees did not have the wide band of secondary 
tissue in the lateral veins, and the nacre walls of the metaphloem sieve tubes 
were very thick and almost filled the lumina of the cells. No definitive callus 
was present. Unlike the lateral veins of the peach, those of the cherry con- 
tained protophloem fibers* 

DISCUSSION 

The effect of the buckskin virus on the sieve tubes of the secondary 
phloem of peach trees and of sweet cherry trees when on Mahaleb rootstock 
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resembles tliat of the potato-leaf-roll virus on the primary sieve tubes of 
potato plants. The histology of plants infected by leaf-roll virus has been 
studied extensively. Esmarch (6) and Esau (5) reviewed the literature on 
the subject. As Esau has pointed out some of the workers have studied 
plants with a mixture of virus diseases and therefore their results are diffi- 
cult of interpretation. Judging by the studies (1, 2, 13, 19) in which the 
authors have taken precautions to use plants with only the leaf-roll virus, 
the following changes occur in the sieve tubes and companion cells. The 
walls thicken and a separation between the primary walls occurs. Yellow- 
ing of walls and contents takes place and a red color is obtained w^hen the 
sections are treated with phloroglucinol and hydrochloric acid. The sieve 
tubes are crushed by the turgor of adjacent parenchyma cells. Necrosis is 
confined to sieve tubes and companion cells and occurs in the older parts of 
the phloem. 

Necrosis of sieve tubes of the secondary phloem in peach and in sw^eet 
cherry on Mahaleb stock resulting from the buckskin disease resembles the 
necrosis of the sieve tubes in the primary phloem in potato plants with leaf 
roll, except that no swelling of w^alls or separation of primary w^alls has been 
observed. In fact, the walls become thinner (Pig. 2). 

Many virus diseases affecting the phloem affect parenchyma cells near 
the sieve tubes, Esau (3, 4) reports that in leaves of sugar beets affected 
by the curly- top disease parenchyma cells adjacent to the sieve tubes first 
become hypertrophied and parenchyma cells further removed are subject 
to hyperplasia. The hyperplastic cells develop into abnormal sieve tubes. 
These abnormal tissues may then become necrotic, and adjacent parenchyma 
cells undergo proliferation and division. Magee (12) in his studies on the 
bunchy top of banana also found that parenchyma cells adjacent to sieve 
tubes underwent hypertrophy and hyperplasia. Parenchyma cells are usu- 
ally not affected in buckskin-diseased plants; although, in severe cases 
necrosis of the entire phloem and cortex may occur and a hyperplastic con- 
dition may arise as a result of abnormal activity of the cambium in leaves. 
Fiber initials may also become necrotic in young tissues. 

A recently described virus disease, phloem necrosis, of tea may resemble 
buckskin in peach. Some cells of the phloem are said to be collapsed and 
yellow, whereas adjacent cells appear to be normal in the photomicrograph 
shown (7). Necrosis also occurs in the midribs of diseased tea leaves and 
from the photomicrograph it appears as though new abnormal secondary 
phloem is produced in a manner similar to that found in buckskin-diseased 
peach. In a later paper it was reported (8) that severe vein-swelling 
occurs. Necrosis is said to be visible maeroscopieally in the phloem area in 
more advanced stages when tangential slices are removed from large roots. 

When sweat cherry trees on Mahaleb roots are infected, extensive sieve- 
tube neeroms results in the Mahaleb stocks but only a small amount of 
neerosis occurs in the sweet cherry tops. The injury in the Mahaleb is im- 
mediately below the bud union when symptoms first appear, but in advanced 
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stages in orchard trees it has been found a foot or more below the union. 
The tree eventually dies as a result of the disease. Although Mahaleb root- 
stocks have been considered virtually immune to buckskin virus and have 
been extensively used for this reason in orchards affected by the Green Val- 
ley strain of viruS; it seems probable now that Mahaleb trees are really hyper- 
sensitive, suffering such extensive injury to the phloem that movement of the 
virus is inhibited. The distal portions of the Mahaleb roots of affected small 
trees with Napoleon tops are often killed before the top is entirely dead. 
However, this may be an indirect effect of the drastic reduction in function- 
ing phloem between top and roots, chiefly in the upper portion of the 
Mahaleb stock. 

Sweet cherries are not completely compatible with Mahaleb root stock 
(10) as is evidenced by their small size and shorter life as compared to trees 
on Mazzard stock. Sections above and below the bud union indicate that the 
area of phloem is larger in the sweet cherry than in Mahaleb cherry. Sieve 
tubes of the Mahaleb stocks form definitive callus earlier in the autumn than 
do the sieve tubes of the sweet cherry tops. These differences in available 
phloem for translocation may be the cause of necrosis observed in the sieve 
tubes of healthy trees and the seeming incompatibility in certain situations. 
It should be emphasized, however, that when trees are infected with buckskin 
virus the injury becomes much more pronounced and causes severe necrosis 
during the summer as well as in the autumn; and ultimately all of the 
Mahaleb sieve tubes are killed. In healthy trees most of the necrosis occurs 
in the Napoleon tops. 

Callusing of sieve plates followed by subsequent collapse of sieve tubes 
can be caused by several agencies and treatments. They are ringing, graft- 
ing on incompatible rootstocks, environmental conditions leading to dor- 
mancy, introduction of dilute solutions of eosin (18), and presence of virus 
(buckskin virus in peach and cherry and potato-leaf -roll virus in potato). 
It seems probable that interference with translocation or the presence of a 
toxic substance may be the cause of sieve-tube necrosis, especially in ease of 
virus infections. Presence of virus in one part of the phloem could cause 
necrosis, upset normal translocation, and lead indirectly to sieve-tube ne- 
crosis in other parts of the plant. Possibly this happens when diseased 
Napoleon cherries are on Mahaleb roots. Normally the sweet cherry sieve 
tubes are little affected by buckskin virus when on Mazzard roots, but when 
the sieve tubes of Mahaleb stock become necrotic the subsequent necrosis of 
sweet cherry sieve tubes may, at least in part, be a secondary effect due to 
the death of the Mahaleb sieve tubes. Products of metabolism rather than 
the virus itself may be the immediate cause of some of the symptoms seen 
in infected plants.. 

A positive test with phloroglucinol and hydrochloric acid for worind gum 
in sieve tubes may be of value as a dieignostib symptom fcfr buckskin disease 
in peach. It would be of value, however, only if stems of large diameter 
were taken at some distance from injuries and from trees grown on a com- 
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patible rootstock. Branches sliowing leaf s^^mptoins are most apt to give a 
positive test. A positive test should be considered only as another symptom 
of buckskin disease and not specific proof of it without accessory evidence, 

summary 

Necrosis of sieve tubes occurs in buckskin-diseased peach trees. Necrotic 
sieve tubes contain a substance which is here called wound gum. This sub- 
stance gave a positive test with phlorogliicinol and hydrochloric acid and 
a negative, or a weakly positive, reaction with the Maule reagents for lignin. 
It was insoluble in a mixture of potassium chlorate and hydrochloric acid, 
and in hot 10 per cent nitric acid. After the -wound gum was removed by 
alternate treatments with chlorine water and sodium sulphite, the sieve tubes 
gave a positive test for cellulose although they did not do so before the 
wound ginn was removed. Usually necrosis was limited to the sieve tubes, 
but sometimes it also involved other cells. 

In young peach shoots with early stages of necrotic spotting in the leaves, 
necrosis of sieve tubes was confined to leaves with symx')toms and to the leaf 
traces below the affected leaves. As the virus spread into the stem tips, sieve 
tubes of the youngest leaf primordia which had develoi:)ed these elements 
became necrotic. The oldest sieve tubes became necrotic first. If, after the 
onset of disease, growth was resumed, new sieve tubes usually failed to 
undergo turgor expansion, lacked nacre w^alls, and early became necrotic. 

When certain strains of the bnckskin virus or very susceptible peach 
varieties wYere used, cankers developed on the stems. The cankered areas 
eontained gum pockets in the cortex and phloem. Such areas were isolated 
by periderms. Gum pockets in some instances appeared in the iinlignified 
new xylem. 

Swollen veins in infected peach w^ere characterized by abnormal produc- 
tion of phloem. Sieve tubes of this abnormal phloem soon became necrotic, 
as did also those of the original phloem. 

Einging of the stems caused swollen veins to develop in peach. Sieve 
tubes in the stems immediately above the rings collapsed and small amounts 
of wound gum sometimes developed in them. New phloem w^as formed in 
which the sieve tubes failed to undergo turgor expansion. Gum pockets 
formed in newly initiated xmlignified xylem. 

Peach scions on Myrobalan root stock often groxv normally at first, but 
later exhibit yelloYr, rolled leaves with swollen veins and some premature 
defoliation. Such stems contained necrotic sieve tubes with wound gum. 
New phloem was initiated in which sieve tubes did not undergo turgor 
expansion. 

In uninfected young sweet cherry trees on Mahal eb stocks grown in pots, 
occasional sieve tubes on the outer margin of the current year’s summer 
phloem and the nomfunetioning phloem of previous seasons in some cases 
eontained wound gum. In the summer phloem of healthy orchard trees 
woimd^gum formation occurred frequently in the autumn just before trees 
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became dormant. In autumn the Mahaleb sieve tubes were observed to form 
callus before the sweet cherry sieve tubes. Wound gum was more abundant 
in the sweet cherry tops than in the Mahaleb stock. The reverse was true 
in buckskin-infected trees. 

In infected cherry trees on Mahaleb stock, wound gum formation w^as 
very extensive even in midsummer in the summer phloem. Ultimately the 
youngest sieve tubes were affected in the Mahaleb stock just below the bud 
unions. 

No injury to phloem has been observed in either diseased or healthy 
orchard trees on Mazzard roots. Some wound gum was present in the outer 
phloem in infected young greenhouse trees on this stock. 

Division of Plant Pathology, 

University OF California, 

Berkeley, California. 
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A ROOT EOT OF GUAYULB CAUSED BY PYTHIUM ULTIMUM 

W. A. Campbell and Bailey Sleeth 
(Accepted for publication March 10 j 1945) 

INTRODUCTION 

A root rot of guayule {Parthenium argentatnm Gray) nursery seedlings 
from whieli a Pgthitim was consistently isolated was reported^ as prevalent 
in the mirseries at Salinas, California, in 1942. The following year there 
was a re-oecnrrence of the disease and it was also reported from the nurseries 
near Oceanside,^ California. Its prevalence in the nurseries at Salinas in 
1944 was limited because of the small acreage planted. In both 1943 and 
1944 the disease was found in direct field seedlings in the Salinas Valley. 

The causal fungus, identified as Pythium ultinnm Trow, attacks the 
roots of young guayule seedlings over a considerable time and causes charac- 
teristic symptoms. When the roots of plants in the cotyledon stage are 
affected, the disease is termed ‘‘seedling root rot.’^ If the tap roots or root 
crowns of older seedlings are attacked and the woody cylinder at the lesion 
is pinkish or reddish, the disease is called “pink rot/^ The loss from seed- 
ling root rot was usually greater than the loss from the pink rot stage of the 
disease wdiich occurred on older plants. 

SEEDLINO ROOT ROT 

Seedling root rot of guayule may develop shortly after emergence and 
continue to affect the plants in the cotyledon stage or during a period of 
approximately four weeks. The first observed symptom is a slight stunting 
associated with a purplish or reddish color of the cotyledons. The roots of 
affected plants are rotted at varying depths in the soil and the degree of 
stunting depends upon the extent of injury to the root systems (Fig. 1, A). 
Lesions that develop on the tap root near the soil surface usually result in 
severe stunting or the death of the seedlings. Infections which develop 
deeper in the soil and which are limited to a few lateral roots may not greatly 
affect the growth rate or appearance of the plants. The fungus may invade 
and destroy most of the root system or be confined to a small area at the point 
of infection* Because new lateral roots develop above the lesion on the tap 
root, a plant affected by seedling root rot usually has a forked or multiple 
tap root 

Seedling root rot of guayule may be regarded as a part of the damp- 
ing-off disease complex with symptoms sufficiently distinct to separate it 
from post-emergence damping-off. Infected seedlings, even though much 
of their root systems may be destroyed, usually survive and under good 
growing eonditions tend to overcome the initial loss of roots. The recovery 
of diseased seedlinp from fungus attack is associated with a reduction in 

1 Oampbell, W. A., h, D. Leach, J. T. Presley, and W. C. Snyder. Some diseases of 
guayule in Calif onik, IT. B. Dept. Agr. PI. Bis. Rep^tr. 27 : 63-66. 1943. 

s 8. B* ITiipublisbed office report. 194B. 
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soil moisture in the npper 2 to 3 inches of soil and an increase in the age of 
the seedlings. Ordinarily, satisfactory emergence is obtained in 10 to 14 


Fig. 1. Pytlxium root rot of guayiile. A. Seedling root rot on very yoting plpta. 
New root development has been initiated above tbe diseased parts in all four seedlings, 
(Appzmimately natural sisse.) B and 0, The pink rot stage of Pytliium root rot. The 
arrows point to lesions on the tap root ; (B) at some distanp below the soil surface; and 
» (C) at the root crown. (Approximately onedialf natural size.) 

days after sowing, after which the frequency of irrigation is reduced and the 
soil moisture conditions become less favorable for fungus infection near the 
soil surface. 






638 


Phytopathology 


[VoL. 35 


PINK ROT 

The pink rot sta^e of Pythium root rot of guayule seedlings ordinarily 
develops on plants 6 to 16 weeks old. The first evident symptom of the dis- 
ease is wilting during the heat of the day. The severity of wilting and 
eventual death or recovery of affected plants depends upon the location and 
extent of the lesions on the tap roots. Plants with circumferential lesions 
on the upper tap root or at the root crown usually do not recover ; those with 
lesions on the lower tap root deep in the soil wilt slightly during the warm 
part of the day but recover in a few days. The small feeder roots may be 
attacked as well as the tap root. Injury to the small roots ordinarily does 
not cause the plants to wilt because of the number of uninfected roots avail- 
able to supply moisture to the top. 

Pink rot lesions on the tap root are rarely more than J to 4 inch long 
(Pig. 1, B), and occur most frequently 3 to 6 inches below the soil surface. 
In the early stages the infected tissues are watersoaked, translucent, and 
somewhat pinkish. Later the diseased bark becomes soft and depressed and 
it usually sloughs off when the plant is pulled from the ground. The woody 
cylinder underneath the lesion and for a short distance above and below is 
pinkish or reddish. This characteristic color serves as a diagnostic aid in 
separating root rot caused by Pythkim idtimum from that caused by other 
fungi. 

Infections which develop at or slightly above the root crown are com- 
monly associated with the piling of earth against the lower leaves and stems 
of the plants by cultivators or by machines used to apply fertilizer. After 
such operations, provided the beds are irrigated, there is usually a sharp 
increase in the number of pink-rotted plants which reaches a peak within 
3 or 4 days. Crown infections were induced experimentally by piling earth 
against the plants. The number of plants infected was proportional to the 
depth to which the soil was piled against the plants and to the amount of 
irrigation water applied. There is a tendency for lesions at the root crown 
to increase during prolonged periods of foggy weather. Crown lesions in 
plants from 12 to 16 weeks old often cause the progressive death of the top 
branches; and such plants in the early stages of the disease may be recog- 
nized by the presence of conspicuous ^'fl.ags’’ (Pig. 1, C). 

Pink rot was observed most frequently on the heavier types of soil. 
Instances of severe and extensive losses from pink rot followed 4 to 6 hours 
of continuous irrigation with the overhead sprinkling system on heavy soil. 
Also, losses were severe on low areas where water accumulated from irriga- 
tions of shorter duration. Lasses were relatively unimportant on the lighter 
and well-drained soils. 

TH3S CAUSAL FUNGUS 

The association of Pythium sp, with seedling root rot and pink rot of 
guayule was established in the course of routine isolations from diseased 
plants. The pathogenicity of the fungus was demonstrated by pure culture 
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inoculation tests made in the greenhouse, and its identity as Pythium uUU 
mum Trow confirmed by comparison'*^ and examination of 51 isolates. 

The macroscopic appearance and growth rates of the 51 isolates were 
similar in culture. However, only 27 isolates produced oogonia and anther- 
idia on corn-meal agar. The remaining 24 isolates produced only sporangia 
or sporangia-like structures. All attempts to obtain oogonia and antheridia 
by growing these isolates on the culture media usually used for this purpose 
were unsuccessful. 

The 27 isolates that produced oospores in culture agreed in all essential 
respects with an isolate from guayule identified by John T. Middleton as 
Pythium ultimum Trow. Although many of the isolates failed to produce 
oospores in culture, they were considered as referable to P. ultimum because 
of their similar morphological appearance and comparable rate of growth. 
This conclusion was strengthened by the common source of the isolates in 
that they were obtained from the same diseased material. This viewpoint 
is in agreement wdth Tompkins, Ark, Tucker, and Middleton^ who reported 
the isolation of a strain of P. ultimum from Zucchini pumpkin fruits which 
did not produce oospores. Furthermore, there was a progressive gradation 
in the isolates from those that produced an abundance of oospores and few 
sporangia to those that produced only sporangia or sporangia-like struc- 
tures. This behavior in respect to spore formation is suggestive of the dual 
phenomenon of Hansen^ which is common in imperfect fungi but which has 
not been demonstrated in the Phycomyeetes, 


summary 

Pythium ultimum Trow was determined as the causal agent of a root rot 
of guayule {Parthenium argentatum Gray) nursery seedlings in California. 
Two stages of the disease are described; seedling root rot which affected 
plants in the cotyledon stage and ^^pink rot’^ which affected plants from 
6 to 16 weeks old. The over-all losses in the nurseries were not serious, how- 
ever, the disease occasionally caused considerable mortality in localized areas 
especially on heavy poorly drained soil. 

Twenty-seven of the 51 isolates of the fungus produced oospores in cul- 
ture and were considered typical Pythium ultimum. Twenty-four of the 
isolates produced only sporangia or sporangia-like structures in culture but 
were referred to P. ultimum on basis of association with oospore-producing 
isolates, morphological appearance, and growth rates. 

Special Guayule Eesearch Project, 

Salinas, California. 

3 Middleton, John T. The taxonomy, host range, and geographie distribution of the 
genus Pythium. Memoirs, Torrey Bot. Club 20; 1-171. 1943. 

4 Tompkins, 0, M., P. A. Ark, C. M. Tucker, and J. T. Middleton. Soft rot of pump- 
kin and watermelon fruits eaused by Pythium ultimum. Jour, Agr. Bes. [U.S.] 58; 461- 
475. 1939. 

. s Hansen, H. N. The dual phenomenon in imperfect fungi. Myeologia 30: 442-455. 
1938. 



A SIMPLE METHOD OP INOCULATING BARLEY 
AYITH LOOSE SMUT" 

J . M . P 0 E H L M A N 
(Accepted for publication March 26, 1945) 

Winter barley varieties commonly grown in Missouri are highly suscepti- 
ble to loose smut, Ihtilago mida (Jens.) Eostr. The breeding of winter 
types resistant to this disease has been handicapped by the lack of informa- 
tion regarding the relative resistance of common varieties and the scarcity 
of parent material with high resistance. Much of this lack of information 
results from difficulties encountered in the artificial inoculation of breeding 
material. In the winter of 1942-13, 708 varieties of barley, representing 
the winter types in the IT. S. Department of Agriculture barley C.I. collec- 
tion, were grown at Columbia, Missouri. Many of these varieties were intro- 
ductions from foreign lands and little or nothing was known regarding their 
reaction to loose smut. The possibility that some winter types with good 
resistance to loose smut could be found, led the author to carefully survey 
the material at hand. 

The partial vacuum technique for inoculating barley with loose smut as 
described by Moore (3) and used by other workers, (1, 2, and 4), had been 
used by the author in the previous season with fair success. Three heads 
from each of 40 varieties and selections of winter barley bad been inoculated. 
The percentage of smutted heads from the inoculated seed (average of 40 
varieties) was 22.6 per cent as compared to 0.6 per cent in uninoculated 
cheeks. But several objections to this method were evident. The equip- 
ment was clumsy and the procedure time-consuming when employed in the 
field* The early flowering of barley, sometimes even before emergence from 
the boot, made it necessary to inoculate while the culms were very tender. 
Injury to the culms or even breakage frequently occurred. Failure of the 
glumes to open properly when the vacuum was applied sometimes resulted 
in poor inoculation. Because inexperienced help was used for this work, a 
simple, positive and efficient method of inoculation, that could be quickly 
learned, was necessary if many varieties were to be tested. 

Some preliminary inoeuiations made in preceding years in the field and 
in the greenhouse suggested a simple procedure that could be successfully 
used. The method and the results from its use are described. 

DESGKIPTION OP METHOD 

The equipment used consisted of a hypodermic needle (1 inch, 25 gauge) 
inserted into a rubber bulb (10 ee. capacity). The bulb was filled with a 
suspension of chlamydospores of Ustilago mida. A few drops of this suspen- 
sion was injected into each floret by piercing the lemma with the needle and 
squeezing the bulb slightly. Inoeuiations were made one to two days after 

^ Mianouri College of Agriculture Journal Series No* 969. 
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the spike broke the boot. At this stage the majority of the florets had 
reached or just passed pollination. Immature florets at the base of the 
spike were removed. If the variety was awned, the awns were usually 
clipped to facilitate inoculation but this was not necessary. After inocula- 
tion each spike was tagged for identiflcation. Spikes inoculated in this 
manner developed normally with no apparent injury and with little if any 
reduction in seed setting except from the removal of the immature spikelets. 

The suspension of chlamydospores was prepared in the field from fresh 
inoculum. Adjacent field plots in 1943 contained ten varieties of winter 
barley, all of which were infected with loose smut {Ustilago nuda) in vary- 
ing amounts, These barleys had been grown from commercial lots of seed 
obtained from several locations in Missouri, Oklahoma, Indiana, or Ohio. 
This offered an opportunity to use inoculum of widely scattered origin. 
Each day smutted heads were selected from all of these varieties, chopped 
into small pieces, placed in a small square of cheese cloth, and immersed in 
tap water. The smut spores were strained through the cheese cloth similar 
to the manner in which a tea bag is used. By this method a concentrated 
spore suspension could be prepared without inclusion of extraneous plant 
materials that might clog the hypodermic needle. Sufficient dextrose was 
added to the suspension to make a one per cent solution and the contents 
were shaken vigorously. 

The rubber bulbs held sufficient inoculum to inoculate 15’-20 separate 
spikes. As the bulbs fill slowly, an extra bulb was carried in a beaker of 
suspension by each worker to avoid loss of time. Varieties and selections 
to be inoculated were listed on index cards to which were attached envelopes 
containing a labeled tag for each head to be inoculated. Tags of a specific 
color were used for labeling of heads inoculated with smut so that they could 
readily be identified. After some skill had been attained, 30 to 40 heads 
could be inoculated per hour by a worker. 

Three heads were inoculated from each variety or selection. These 
three heads, along with two uninoculated heads, were harvested, each head 
threshed separately and the seed planted in a one-foot row in the field in the 
fall of 1943. Eemoval of the immature spikelets reduced the number of 
seeds from each head but by planting in a one-foot row a dense stand could 
be obtained. Previous experience had demonstrated that thinly spaced 
plants on the soil type present at Columbia, Missouri, frequently heave badly 
and would thus be lost. This rate of planting precluded taking notes on 
individual plants so counts of normal and smutted heads were made in each 
row the following spring. Percentages of smutted heads in each variety 
were calculated as the average from the three rows. 

MATERIAL INOCULATED AND RESULTS 

Three groups of material were inoculated as follows : 

(1) 180 selections from the C.I. winter barley group (representing all 
selections from the 708 varieties that survived the winter at Columbia, Mis- 
souri, with a stand of 60 per cent or better). 




P-h:. 
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(2) 42 standard varieties from nursery and uniform winterhardiness 
tests. 

(3) 20 selections from the variety Missouri Early Beardless. Avex’age 
percentages of infection, as determined by counts of smutted heads, in inocu- 
lated and nninoculated check rows of each group are listed here: (1) C.I. 
group, inoculated, 23.2 per cent, uninoculated checks, 1.5 per cent; (2) 
standard variety group, inoculated, 22.1 per cent, nninoculated checks, 3.6 
per cent ; and (3) Early Beardless selections, inoculated, 10.2 per cent, unin- 
oculated checks, 2.4 per cent. The distribution of the barley selections from 
these groups in infection percentage classes is summarized in table 1. 

The percentages of smutted heads in the inoculated material as compared 
to percentages in the uninoculated cheeks demonstrate the effectiveness of 
the method. In the C.I. barley group of 180 selections (Table 1), 80 selee- 

TABLE l.-^DistriMttio7i of the harley selections in infection percentage classes 


Infection j.)ereentage classes 

Material ■ ^ ^ 

0 0.1-20 20.1-40 40.1-60 60.1-100 


C.I. barley group : 

No. of selections 42 58 38 27 15 

Per cent of total 23.3 32.2 21,1 15,0 8.3 

Standard variety group : 

No. of selections 8 14 12 7 1 

Per cent' of total 19.0 33.3 28.6 16.7 2,4 

Early Beardless selections : 

No. of selections 8 7 4 1 

Per cent of total 40.0 35.0 20.0 5.0 


tions (44.4 per cent) contained over 20 per cent smutted heads, 42 (23.3 per 
cent) contained over 40 per cent smutted heads, and 15 (8.3 per cent) con- 
tained over 60 per cent smutted heads. A similar distribution is noted in 
the standard variety group. Kesistance had previously been recorded in 
the Early Beardless selections, so lower infection percentages were expected 
in this group. 

The number of selections in the C.I. group without smut (23.3 per cent) 
appears proportionally large. Of the 42 selections without smut, 11 had 
plants surviving from only two of the inoculated rows, while 13 had plants 
surviving from only a single inoculated row. All of these 24 selections were 
low in vigor and in each winter killing had been severe. That plants in- 
fected with loose smut are more susceptible to winter injury is suggested by 
winter killing notes on the inoculated and nninoculated rowTS, Survival in 
the inoculated rows was eight to ten per cent less than in the nninoculated 
cheeks. Similar results have been reported by other investigators (4, 5), 
In the 24 weak selections, infected plants may have been lost from winter 
injury. These may therefore represent escapes rather than resistant types. 

Of the eight standard varieties reported without infection (Table 1), all 
are known to possess some resistance. In four of these, loose smut has not 
been observed previously in the nursery at Goltimbia, either from natural 
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or artificial inoculation. Two of the selections have previously contained 
small amounts of smut from natural infection. The other two varieties had 
not been grown at Columbia before. In three of the eight Early Beardless 
selections without infection, loose smut has never been observed either from 
natural or artificial inoculations, w^hile in the other five slight infections from 
artificial inoculations or traces from natural infections have previously been 
observed. 

All selections containing five per cent or less infection were reinoculated. 
Detailed reactions wall be reported when these selections have been more 
fully checked. 

DISCUSSION AND SUMMARY 

A simple method of inoeiilating barley with loose smut (Ustilago nuda) 
is described. Infections obtained by this method in a wide range of barley 
varieties demonstrate that it may be successfully used to sort out susceptible 
and resistant varieties. Percentage infections in individual varieties inocu- 
lated by this method are in the range previously obtained by the partial 
vacuum technique. The simplicity of the method described makes it adapted 
for field inoculation of large numbers of varieties or selections in a breeding 
nursery. It should prove useful for the plant breeder in finding barley 
varieties resistant to loose smut or in selecting resistant lines from segregat- 
ing material. 

Department OP Field Crops, 

University OP Missouri, 

Columbia, Missouri. 
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SMUT CONTROL IN SORGHUM AND EFFECT OF DUST 
FUNGICIDES AND STORAGE ON EMERGENCE^ 

E. W . Leukel and J. E* Livingstons 
(Accepted for publication March 26, 1945) 

Excellent control of covered kernel smut {Sphacelotheca sorghi (Lk.) 
Clint.) in Sharon kafir was obtained in field experiments at 7 stations in 
1942^ by the use of several dust fungicides at the generally recommended 
dosages, and at J and I of these dosages. The relatively low average per- 
centage of smutted heads (25.3 per cent) from untreated seed rendered those 
results somewhat inconclusive and made it desirable to obtain more data on 
the control of kernel smut by some of these fungicides and their effect on 
emergence, especially when treated seed is stored. 

Similar tests, therefore, were carried out at 5 stations in 1943 and at 2 
stations in 1944. Several of the fungicides used in 1942 were replaced in 
1943 by others, some of which proved unsatisfactory and were replaced by 
still others in the 1944 tests. 

MATERIALS AND METHODS 

The following fungicides were used : 

1. N.I. (New Improved) Ceresan (5 per cent ethyl mercury phosphate). 

2. Copper carbonate, containing 50 per cent metallic copper. 

3. Spergon (98 per cent tetrachloro parabenzoquinone). 

4. Arasan (50 per cent tetramethylthiuramdisulfide), 

5. DuBay 1452-0 (6.5 per cent ethyl mercury p-toluene sulfonaniiide). 

6. Leytosan (7.2 per cent phenyl mercury urea) . 

7. Merc-o-dust, a compound of uncertain composition purported to con- 
tain 1.5 per cent mercury and 2 per cent formaldehyde. 

8. M.T.D.S. (morpholine thiuramdisulfide) . 

9. Fermate (70 per cent ferric dimethyl dithiocarbamate), 

10. U.S.R. 604 (dichloro naphthoquinone). 

11. Zimate (zinc dimethyl dithiocarbamate). 

12. Basic copper sulfate, containing 50 per cent metallic copper. 

13. Sulfur (300-mesh dusting sulfur). 

Numbers 1, 2, 3, 4, and 13 were used both years. Numbers 5, 6, 7, and 8 
were used in 1943, and 9, 10, 11, and 12 in 1944 only. Seed of Leoti sorgo 
and Sharon kafir was used both years, the first because it is susceptible to 
seed injury by certain fungicides, and the second because it is highly sus- 

1 Cooperative investigations between tlie Division of Cereal Crops and Diseases, 
Bureaii of Plant Industry, Boils, and Agricultural Engmeering, Agricultural Heaearcli 
Administration, U. B. Department of Agriculture, and tlie Nebraska Agricultural Experi- 
ment Station. Journal Series Paper No. 368 of tlie Nebraska Agricultural Experiment 
Station. 

2 Pathologist, Division of Cereal Crops and Diseases and Assistant Pathologist, Ne- 
braska Agricultural Experiment Station, rBspectively, 

s Leukel, R. W. New fungicides and reduced fungicide dosages for the control of 
kernel smut of sorghum. Phytopath. 32: 1091-1093. 1942. A 
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ceptible to covered kernel smut and has an upright, low habit of growth 
which greatly facilitates taking data on smut control. The seed after being 
thoroughly cleaned was dusted with viable spores of covered kernel smut at a 
1 to 100 spore dosage (by %veight) after which separate portions were treated 
with the different fungicides to be tested, and planted in field plots in tripli- 
cated 44-foot rows at the rate of 200 seeds per row. Stand counts were made 
after the plants had had ample time to emerge. Data on smut control were 
taken by counting the total number of heads and the smutted heads in each 
ro\?. 

TABLE 1 . — 'Mffect of seed treatment with certain dust fungicides on emergence in 
two varieties of sorghum planted at the rate of 200 seeds per di-foot row at several sta- 
iiom in X94S 


Be(Hl treatment Emergence in 


Bate Bharon kaiira Leoti sorgob 

Material 'per . ^ — — - — --- — : ^ 

bushel Aver.c Difference Odds Aver.ti Difference Odds 


02 *. 

Kew Iinproved Ceresan | 

do , 1 

Copper carbonate ; 2 

do 1 

Bpergou 2 

do 1 

Arasau 2 

do ■ 1 

DuBay U52-C | 

do 

Leytosnii | 

do t 

M 0 rpli ol in e tbiuramdi- 

siildde : 2 

do 1 

Merc-O'diiat | 

do . I 

Sulfur . ... 2 

do . 1 

Ciieck ... 


Fct. 



68,8 

20.8+4,5 

1: 9999 

65.9 

17,9 + 2.9 

* 

69.2 

21.2^2.3 


64.9 

16.9 + 2.7 

* 

62,4 

14.4+3.4 

1: 2998 

59.5 

11.5 + 3.2 

1: 627 

65.3 

17.3 + 2.3 

* 

62.4 

14.4 + 3.1 

1: 9999 

67.7 

19.7 + 2.6 


66.3 

18.3 + 2,5 


59.2 

11.2 + LS 

*■ 

59,3 

11.3 + 1.9 

•K- 

57.5 

9.5 + 2.5 

1: 1110 

54.8 

6.8 + 2.2 

1: 244 

49.0 

1.0 ±2.1 

1: 2 

47.9 

- 0.1 ±1.8 

1: 1 

46.0 

- 2.0 + 2.0 

1: 5 

44.0 

~ 4.0 + 2.2 

1: 16 

4S.0 




PeL 

39.4 

- 9.9 + 1.7 


* 

49.6 

0.3 +3.9 

1 

1 

55.1 

5.8 + 2.6 

1 

35 

48.8 

- 0.5 + 1.3 

1 

2 

47.3 

- 2.1 + 3.8 

1 

2 

48.5 

- 0.8 + 2.4 

1 

2 

57.7 

8.4 ± 2.8 

1 

133 

55,9 

34.8 

6.6 + 2.4 
- 14.5 ± 1.9 

1 

62 

* 

57.8 

8.4 ± 2.7 

1 

169 

52.6 

3.3 ±3.7 

1 

4 

49.3 

0.0 ± 3.3 

1 

1 

48.8 

- 0.5 ±2.9 

1 

1 

50.8 

1.5 ±2.8 

1 

2 

43.7 

- 5.7 ±1.6 

1 

293 

47,7 

- 1.7 ±0.5 

1 

293 

35.3 

-14.0 + 2.6 

1 

4999 

41.2 

49.3 

- 8.2 + 3.5 

1 

: 40 


Odds greater than 1 ; 9999. 

* Three replications planted at each of 6 locations. 

1* 4, ^ 

e Each figure is based on 3600 seeds planted, 
a 2400 . 


KiSSULTB 

In 1943, separate lots of smutted seed of Sharon kafir and Leoti sorgo 
were treated with 9 fungicides at two rates of application. Sharon kafir was 
planted at five stations* and Leoti at three stations. Two plantings were 
made at Lincoln, Nebraska, one on May 22 and anotiier on June 17 The 
data on emergence and on the control of covered kernel smut are summar- 
i^ccl IB tiibleii 1 and 2, reBpcetively* 
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The data on emergence -were sufficiently similar at the different stations 
to be analyzed as a single experiment, using Student’s method® to compare 
the results from each lot of treated seed with results from untreated seed. 
Emergence in Sharon kafir was significantly improved by 7 of the fungicides. 
Emergence in Leoti was significantly impaired by N.I. Ceresan, DuBay 
1452— C, Merc-o-dust, and sulfur applied at the generally recommended rates 
of treatment, and significantly improved by Arasan applied at 2 ounces, and 
DuBay 1452-G at i ounce per bushel. 

TABLE 2. CoutTol of covered tcevucl sviut in SJioTon Tcafir and Leoti sorgo, qtowti 
from seed that had heen inoculated at a 1 to 100 spore dosage j treated, and planted at 
several stations^ in 1948 


Seed treatment Percentage smutted heads in 


Fungicide 

Bate 

per 

bu. 


Sbaron kafir at 


All 

sta- 

tions 

Leoti sorgo at 

All 

sta- 

tions 

G.C. 

H. 

B. 

L~1 

L-2 

M. 

B. 

L-1 

Lr-2 

M. ' 

None 

Oz, 

33.8 

3.3 

24.3 

37.3 

27.9 

14.1 

23.5 

10.0 

19.5 

6,1 

13.0 

12.2 

N.I. Ceresan ........... 

i 

0.2 

0.0 

0.0 

0.0 

0.7 

0.0 

0.2 

0.0 

0.0 

0.0 

0.0 

0.0 

do 

1 

0.0 

0.0 

0.0 

0.0 

0.3 

0.0 

0.1 

0.0 

0.0 

0.0 

0.0 

0.0 

Copper carbonate .. 

2 

0.0 

2.1 

0.0 

0.0 

0.0 

0,0 

0.4 

0.4 

1,2 

0.0 

1.6 

0.8 

do 

1 

0.0 

1.1 

0.0 

0.0 

0.0 

0.0 

0.2 

0.4 

1.3 

2.4 

0.6 

1.2 

Spergon 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

do 


0.0 

0.0 

0.3 

0.0 

0.0 

0.0 

0.1 

0.8 

0.0 

0.3 

0.3 

0.4 

Arasan 

1 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

do 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

0.9 

0.2 

None 


36.4 

3.7 

22.9 

32.9 

24.5 

6.0 

21.1 

14.1 

25.0 

6.6 

10.5 

14.1 

DuBay 1452-0 


0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0,0 

2.8 

0.0 

0.0 

0.7 

do 


0.4 

1.1 

0.0 

0.0 

0.0 

0.0 

0.3 

0.0 

0.0 

0.0 

0.0 

0.0 

Leytosan 

i ■ 

0.0 

0.0 

0.0 

0.7 

1.4 

0.0 

0.4 

0.0 

0.3 

0.0 

0.0 

0.1 

do 

i 

0.8 

0.0 

0.0 

0.0 

0.7 

0.0 

0.3 

1.7 

5,2 

1.2 

2.1 

2,6 

M.T.B.S. 

1 

0.0 

6.0 

0.0 

0.4 

0.0 

0.0 

0.1 

0.9 

2.4 

0,4 

2.5 

1.6 

do 

r 

0.2 

0.0 

1.0 

1.7 

0.7 

0.4 

0.6 

1.1 

7,1 

1.9 

1.6 

3.0 

Merc-o-dust 


35.3 

3.6 

30.9 

41.7 

24.2 

7.0 

23.8 

16.3 

14.2 

4,0 

9.0 

11.0 

do 


40.1 

6.6 

26.8 

52.0 

20.3 

10.0 

25.8 

8,6 

20.2 

6.2 

8.2 

10.8 

Sulfur ; 

2 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.5 

0.0 

0.0 

0.4 

0.2 

do 

1 

0.7 

0.0 

0.0 

0.5 

0.0 

0.0 

0.2 

0.0 

0.0 

0,0 

0.3 

0,1 


“Stations were: G.O.— Garden City, Kans.; H.— -Hays, Kans.; B.— Beltsvilie, Md.: 
L-1 and L-2 — Lincoln, Nebr. - (2 plantings) ; and M. — Manhattan, Kans. 


The percentage of heads infected with smut was again somewhat low for 
obtaining conclusive data on the fungicidal effectiveness of the treatments. 
In Sharon kafir the smut was controlled fairly well by all fungicides except 
Merc-o-dust, which proved worthless as a fungicide in both varieties. In 
Leoti an average of more than 1 per cent of the heads was smutted when 
grown from seed treated with copper carbonate (1 ounce), Leytosan (J 
ounce), and M.T.D.S. (1 ounce and 4 ounce). 

Four of the fungicides used in 1943, namely, DuBay 1452-C, Leytosan, 
M.T.D.S., and Merc-o-dust, were replaced by Permate, U.S.R. 604, Zimate, 
and basic copper sulfate in the 1944 experinients. These, along with the 
5 Student, Biometrika 6: 1-25, 1908 and 11; 414-417, 1917. 
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otlier five used in 1943, were applied at 2 rates to smutted seed of Sharon 
kafir and Leoti sorgo. Sharon kafir was planted at Beltsville, Maryland, 
and at Lincoln, Nebraska. Leoti sorgo was planted at Beltsville for studies 
on emergence. The data on emergence and smut control are presented in 
table 3. Arasan was somewhat superior to the other dusts with respect to 
its effect on emergence, although U.S.R. 604, on the whole, wa.s almost equal 
to Arasan in this respect, and at Lincoln was superior to it. At Beltsville 


TABLE 3. — Mffect of dust fungicides on emergence in sorghum and on control of 
covered ‘kernel smut in 1944 


Seed treatment 



Average stand® per row in 

1 ' 

Smutted 
heads at 
Belts- 
villec 


Sharon kafir at 

Tjeoti 

at 

Belts- 

ville 

Both 

varie- 

ties 

Fungicide 

Kate 
per bin 

Ian- 

coin 

Belts- 

ville 

Lin- 

coln 

and 

Belts- 

villeb 


Oz. 

Ao. 

No, 

No, 

No, 

Net, 

Pet. 

Cheek (untreated) ......... 


75 

106 

92 

69 

41.7 

61.3 

N Jv Ceresan 

1 

88 

137 

113 

75 

50.0 

0.0 

do 

.i 

82 

133 

100 

117 

55.3 

1.7 

Copper carbonate . ....... 

' 2 ' 

101 

125 

113 

102 

54.7 

0.2 

do 

1 

86 

140 

113 

103 

54.8 

0.3 

Spergon 

2 

82 

125 

104 

98 

50.8 

0.0 

do 

1 

103 

116 

109 

85 

50.7 

0.0 

Arasaii 

2 ■ 

100 

151 

126 

152 

67.2 

1.1 

do 

1, 

86 

161 

119 

144 

63.5 

5.7 

Sulfur 

3 

75 

121 

98 

75 

45.2 

2.7 

do 

n 

65 

96 

79 

53 

35.7 

10.5 

Fermate 

2 

81 

131 

106 

111 

53.8 

5.5 

do 

1 

96 

119 

107 

97 

52.0 

13.9 

U.S.B, 604 

. '2 

110 

137 

124 

130 

62.8 

0.6 

do 

1 

100 

147 

107 

129 

62.7 

0.0 

Zimate 

■ 2 

90 

132 

111 

121 

57.2 

3.2 

do 

1 

97 

133 

116 

101 

55.2 

1.3 

Basie c o p per sulfate 

2 

92 

121 

107 

93 

51.0 

0.6 

do 

.1 

97 

132 

114 

96 

54.0 

4.2 

Least significant dif* 








ference 


20 

18 

14 

16 




a Each bold face figure is significantly greater or less than the corresponding check. 

Bata from lincoln and Beltsville combined-— each figure represents the average 
emergene© per row in 6 rows with 200 seeds each, 
e Smut inf ection at Lincoln wms negligible. 

all the treatments except sulfur improved emergence significantly folloAving 
one or both rates of application used. 

Not enough smut developed in the cheeks at Lincoln to obtain data of 
value on smut control. At Beltsville, however, the check rows averaged 61.3 
per cent smut and this was reduced to less than 1 per cent by 5 of the fungi- 
cides, namely, copper carbonate, U.S.R. 604, and Spergoii at both rates of 
application and by N.I. Ceresan and basic copper sulfate at the recom- 
mended rates. Arasan, which reduced the number of smutted heads to 1.1 
per cent and 6.7 per cent at the 2 and 1 ounce rates, respectively, proved 
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somewhat less effective in smut control than in previous years. Hansing and 
Melchers® report excellent control of smut in kafir with Arasan in experi- 
ments in 1943 in which 56.8 per cent smut appeared in the checks. N.I. 
Ceresan, DuBay 1452-C, Spergon, and sulfur also proved effective in their 
tests. 

In field experiments near Wilmington, Delaware, in 1944, seed of each 
of seven varieties or crosses of sorghum was smutted with the different 
strains of covered kernel smut to which each of these varieties is susceptible, 
and then the seed was treated with different fungicides one day before plant- 
ing in 25-foot rows, replicated 5 times. The data on smut control are shown 
in table 4. Infection in the cheeks ranged from 21.9 per cent in Leoti to 88 
per cent in Kafir x feterita K. B. 2423. 

TABLE 4. — Control of 5 races of covered Tcernel snmi in different varieties of 
sorghum 


Percentage smutted heads from seed untreated 
or treated with 

Variety 


White Yolo S-2 33.6 0.0 0.0 0.0 0,0 0,0 

do S-4 85.6 0.0 0.0 Trace 3.1 Trace 

Scarborough broomcorn ......... S-l 75.7 2.2 0.0 48.2 39.3 31.7 

Kaiir.x feterita KB 2423 ...... S~3 80.3 0.0 0.0 0.0 4.9 1.7 

do S-5 88.0 0.0 0.0 0.0 4.4 0.0 

Colby milo S~2 32.3 0.0 0.0 0.0 0.3 0.0 

Cody Mixture 40.4 0.0 0.0 0.0 4.0 1.9 

Leoti sorgo S-1 21,9 0.0 0.0 2.4 7.9 3.3 

Sharon kahr S-1 30.6 0.0 0.0 Trace 2,5 0,8 


TJn- 

treated 


san loz. 3oz, 

ioz, 


With one exception (Scai’borougli broomcorn) the two volatile mercury 
dusts, N.I. Ceresan and DuBay 1452-F, applied at -J ounce per bushel elimi- 
nated all smut from all 7 varieties. Spergon applied at the same rate con- 
trolled smut effectively in all but two varieties, Scarborough broomcorn and 
Leoti sorgo, both of ivhich have a large proportion of seeds with persistent 
glumes. Copper cai’boiiate, applied at 3 ounces per bushel reduced infee- 
tioii to less than 1 per cent in 5 of the 9 tests, and Arasan, at 1 ounce per 
bushel, was similarly effective in only 2 tests. These results suggest the 
advisability of using volatile mercury dusts for treating very smutty seed 
or seed with persistent glumes. The failure of Arasan to effect better control 
of smut possibly xnay be attributed to the short period between treating and 
planting. 

Studies on the effect of treating sorghum seed on its germination after 
different periods of storage were started in December, 1943. Separate por- 
tions of seed (500 g.) of each of five varieties wTre treated with N.I. Ceresan 

6 Hansing, E, B,, and Ij. E. Melchers. Standard and new fungicides for the control 
of covered kernel smut of sorghum and their effect on stand. Phytopath. 34: 1034-1036. 
1944. ■ 
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Table 5. — ISffect of seed treatment and subsequent storage of treated seed on emer- 
gence at $0^ C, in sorghum planted in msterilwed soil 


Emergence after storage at 


Variety 

and 

treatmenP^ 


2Q 

l°C.for 


10° C. 
for 

30° C. 
for 

Aver- 

age 

einer- 

Diifer- 

ence 

2 20 40 80 180 

days days days days days 

180 

days 

180 

da,ys 

gence 



Fct. 

Fct, 

Fct, 

Fct, 

Fct, 

Fct, 

Fct, 

Fct, 


Club kafir 

Check 

..... 31 

41 

42 

35 

28 

41 

33 

36 


Arasan 

Coi>per 
carbonate .. 

76 

85 

83 

83 

82 

82 

85 

82 

46 ±4.0 

52 

58 

66 

70 

64 

63 

57 

61 

25 ±2.5 

N.I. Ceresan 

49 

58 

64 

60 

47 

40 

48 

52 

16 ±2.9 

Bpergon 

..... 54 

51 

56 

51 

43 

43 

45 

49 

13 ± 2.3 

Sulfur 

26 

38 

37 

37 

31 

34 

31 

33 

-3 ±1.3 

Leoti sorgo 

Check 

... 59 

69 

65 

62 

56 

63 

48 

60 


Arasan 

83 

87 

88 

84 

90 

91 

93 

88 

28 + 3.2 

Copper 

carbonate . 

..... 77 

79 

80 

75 

76 

82 

76 

78 

18 + 2.0 

N.I. Ceresan .. 

82 

73 

59 

54 

53 

70 

68 

66 

6 + 4.3 

Bpergon 

74 

79 

77 

63 

60 

72 

53 

68 

8 ±1.7 

Sulfur 

60 

67 

65 

00 

54 

58 

43 

58 

-2 + 0.8 

Norkaii sorgo 

Cheek 

49 

50 

62 

55 

56 

70 

54 

57 


Arasan 

..... 72 

88 

91 

86 

94 

96 

93 

89 

32 + 2.2 

Copper 

carbonate . 

63 

75 

79 

77 

81 

87 

88 

79 

22 + 2.4 

N.I. Ceresan ., 

48 

66 

74 

72 

66 

78 

80 

69 

12 + 2.9 

Bpergon 

.... 51 

68 

74 

66 

69 

82 

62 

67 

10 + 1.7 

Sulfur 

.... 49 

42 

59 

53 

57 

57 

51 

53 

-4 + 1.7 

Sharon kafir 

Cheek 

56 

59 

64 

61 

54 

68 

52 

59 


Arasan 

Copper 

..... 58 

80 

88 

87 

87 

85 

95 

83 

24 ±5.0 

carbonate . 

69 

80 

80 

77 

76 

76 

79 

77 

18 + 2.2 

N.I. Ceresan . 

61 

58 

66 

62 

55 

71 

80 

65 

6 ±4.6 

Bpergon 

59 

58 

72 

75 

56 

69 

57 

64 

5 + 1.8 

Sulfur 

59 

61 

67 

62 

56 

63 

43 

58 

-1±1.6 

Westland milo 

Cheek ' 

18 

34 

37 

46 

36 

35 

31 

34 


Arasan 

Copper 

..... 56 

85 

90 

87 

91 

88 

92 

84 

50 ± 2.8 

carbonate . 

55 

58 

68 

70 

63 

61 

56 

62 

28 + 1.7 

N.I. Ceresan . 

.... 47 

57 

64 

62 

49 

58 

55 

56 

22 + 2.1 

Bpergon 

24 

38 

44 

55 

40 

44 

38 

40 

6 + 1.0 

Sulfur 

..... 16 

32 

38 

49 

35 

32 

24 

32 

-2±0.8 

All varieties 

Check 

45 

51 

54 

52 

46 

55 

44 

50 


Arasan 

.Copper 

60 

85 

88 

85 

89 

88 

92 

85 

35 ±6.6 

carbonate , 

.... 63 

70 

75 

74 

72 

74 

71 

71 

21 + 1.2 
11 + 1.7 

NJ. Ceresan . 

..... 57 

62 

65 

62 

54 

6B 

66 

61 

Bpergon .......... 

52 

69 

65 

62 

54 

■ 62 

51 

58 

8 + 0.6 

Sulfur 

..... 42 

48 

53 

52 

47 

49 

38 

47 

-3 + 1.0 


"Odds 


1: 908 
1: 999 
1: 3 


6 

408 

39 


1: 255 
1: 2499 
1: 25 


1: 434 


6 

35 

1 


1: 15 

1: 908 

. * 

1: 2499 
* 

1: 39 


Oerc^an waE applied at i onnee per busbeli the others at 2 ounces. 
* Oddi gmiter than 1 1 9900. 
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TABLE 6 . — "Effect of seed treatme^it and siibsec[uent storage of seed on emer (fence 
at 20^ G. in sorgJnm planted in steamed soil 


Variety 

and 

treatmenta 


Emergence after storage at 

20° C. for 10° G. 

for 

30® C. 
for 
180 
days 

Aver' 

age 

emer- 

gence 

Differ- 

ence 

Odds 

2 20 40 

days days days 

80 

days 

180 

days 

180 

days 


Pet 

Pet. 

Pet. 

jPet. 

Fct. 

Pot. 

Pet 

Pat 




Club kaiir 












Check 

.. 63 

64 

69 

71 

56 

65 

62 

64 




Arasan 

.. 78 

87 

85 

87 

85 

88 

90 

86 

22 + 2.0 



Copper 












carbonate ... 

.. 71 

74 

81 

74 

67 

80 

76 

75 

11 + 1.4 

1: 

3332 

jST.I. Ceresan ... 

.. 79 

85 

66 

75 

64 

79 

76 

75 

11 ± 1.8 

1: 

908 

Spergon 

.. 68 

73 

69 

74 

65 

81 

73 

72 

8 + 1.9 

1: 

255 

Sulfur 

.. 65 

73 

66 

69 

54 

65 

63 

65 

1±1.4 

1: 

2 

Leoti sorgo 












Cheek 

.. 73 

80 

86 

75 

56 

77 

73 

74 




Arasan 

.. 89 

87 

92 

91 

86 

90 

02 

90 

16 +2.8 

1: 

768 

Copper 












carbonate ... 

.. 78 

83 

83 

77 

72 

79 

80 

79 

5 + 2.1 

1: 

0 

iSr.I. Ceresan ... 

.. 78 

69 

56 

49 

50 

62 

72 

62 

-12 + 4.5 

1: 

39 

Si^ergon 

... 84 

87 

84 

78 

64 

85 

71 

79 

5 ± 1.1 

1: 

255 

Sulfur 

.. 76 

84 

77 

73 

59 

77 

59 

72 

- 2 + 2.4 

1: 

3 

Norkan sorgo 












Check 

.. 80 

82 

83 

85 

72 

81 

84 

81 




Arasan 

.. 84 

79 

91 

93 

94 

95 

99 

91 

10+2.9 

1: 

97 

Copper 












carbonate ... 

.. 80 

77 

88 

91 

84 

88 

89 

85 

4 + 1.9 

1: 

24 

H.I. Ceresan ... 

.. 74 

71 

72 

73 

67 

78 

84 

74 

- 7 + 1.6 

1: 

285 

Spergon 

.. 73 

80 

83 

90 

83 

89 

90 

84 

3 + 2.2 

1: 

7 

Sulfur 

.. 78 

80 

88 

87 

68 

79 

74 

79 

- 2 ±1.6 

1: 

5 

Sharon kahr 












Check 

... 74 

78 

81 

80 

76 

79 

69 

77 





Arasan 

... 73 

73 

80 

84 

90 

88 

88 

82 

5 ±3.1 

1: 

12 

Copper 












carbonate ... 

... 69 

61 

82 

83 

81 

84 

84 

77 

0 + 3,5 

1 

1 

N.I. Ceresan ... 

... 63 

68 

60 

51 

60 

71 

74 

64 

-13 + 3.7 

1 

104 

Spergon 

.... 69 

71 

68 

75 

74 

88 

78 

75 

- 2+2.9 

1 

3 

Sulfur 

... 71 

76 

75 

72 

73 

79 

69 

74 

- 3+1.1 

1 

55 

Westland milo 












Check 

... 62 

81 

64 

66 

55 

71 

60 

66 




Arasan 

... 82 

71 

88 

90 

93 

92 

91 

87 

21 + 5.3 

1: 

191 

Copper 












carbonate ... 

... 75 

67 

79 

78 

78 

78 

79 

76 

10 ±4.2 

1: 

33 

H.I. Ceresan ... 

.... 73 

65 

61 

63 

60 

69 

73 

66 

0+3,5 

1: 

1 

Spergon 

... 68 

71 

61 

68 

66 

77 , 

73 

69 

3 + 2.8 

1: 

7 

Sulfur 

67 

78 

71 

63 

61 

67 

63 

67 

1 ±1.6 

1; 

4 

All varieties 












Check 

.... 70 

77 

77 

75 

63 

. 75 

70 

72 




Arasan 

.... 81 

79 

87 

89 

90 

91 

92 

87 

15+2.9 

1: 

: 602 

Copper 












carbonate .. 

.... 75 

72 

83 

81 

76 

82 

82 

79 

7 + 2.1 

1 

: 62 

bT.I. Ceresan .. 

.... 73 

72 

63 

62 

60 

72 

76 

68 

- 4 + 2,6 

1 

: 8 

Spergon 

.... 72 

76 

73 

77 

70 

84 

77 

76 

4 + 1.8 

1 

: 15 

Sulfur 

.... 71 

78 

75 

73 

63 

73 

66 

71 

- 1 + 0.7 

1 

: 10 


» See footnote a, table 5. 

* O^ds greater than 1 : 9999t 
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at I ounee i)er bushel and Avitli Arasaii, copper carbonate, Spergon, and 
sulfur at 2 ounces per bushel. Each portion of treated seed, contained in a 
cloth bag, was buried in a half-bushel of seed similarly treated with the same 
respective chemical and stored at 20° G. and about 70 per cent relative 
humidity for 2, 20, 40, 80, and 180 days and then germinated. Samples 
from each portion of treated and untreated seed stored also at 10° C. and at 
30° C., and at low x^elative humidity were ineinded in the germination tests 
180 days after treatment. Germination tests w^ere at 20° C. in sterilized and 
unsterilized compost soil adjusted to 50 per cent of its water-holding capac- 
ity, and stored in large metal cans with dnst-tight covers until used. The 
results from treated and untreated seed were analyzed according to Stu- 
dent's method and are presented in tables 5 and 6. 

In the tests in unsterilized soil, there were no significant decreases in 
emergence from treated seed as compared with that from untreated seed 
except in the case of sulfur. With few exceptions, the four other fungicides 
apparently caused highly significant increases in emergence, the greatest, 
by far, being due to Arasan. Emergence from Arasan-treated seed of all 
5 varieties was lower in the test planted 2 days after treatment than in subse- 
quent tests, indicating the advisability of treatment with this fiingicide at 
least several weeks before planting. The length of the storage period after 
treatment did not consistently reduce emergence from treated seed planted 
in iinsterilized soil except, to some extent, in the case of Leoti treated with 
N.I. Ceresaii, There were no significant differences between the percentages 
of emergence from seed stored at 10° C. and at 30° C. for 180 days after 
treatment with Arasan, copper carbonate, or N .1. Ceresan j but emergence 
from untreated seed and from seed treated with Spergon or sulfur was sig- 
nificantly better after storage at 10° C. than at 30° C. 

In the tests in steamed soil, in which the harmfxil effects of certain soil- 
borne fungi were eliminated, increases in emergence, due to the fungicides, 
were fewer and smaller, w^hile decreases were more numerous and greater 
than in unsterilized soil Arasan improved emergence significantly in 4 
varieties, copper carbonate in 3 varieties, and Spergon in 2 varieties, N.I. 
Ceresan improved emergence significantly in Club kafir and decreased it 
significantly in Leoti and Norkan sorgos and Sharon kafir. Sulfur showed 
no significant beneficial effects, and in 2 varieties seemed to cause small 
decreases one of which approached the level of significance. 

It seems apparent that clean seed of good quality, of low moisture con- 
tent, and free from injury, does not lose its vitality any more readily when 
properly dusted with any of the better fungicides and properly stored, than 
does untreated seed, except in the ease of certain volatile mercury com- 
pounds such as N.I. Ceresan and DuBay 1452-C that injurb seed of some 
varieties. Under unfavorable soil conditions this injury may not be appar- 
ent because of being outweighed by the protective effect of the fungicide 
against aoihborne fungi. 
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SUMMARY 

Emergence in Sharon kafir in field experiments in 1943 was significantly 
improved following seed treatment with N. I. Geresan, copper carbonate, 
Spergon, Arasan, DuBay 1452~C, Leytosan, and morpholine thiuramdisnL 
fide. In Leoti sorgo emergence was significantly increased by copper car- 
bonate (2 ounces), Arasan (1 and 2 ounces), and by DuBay 1452-C (i 
omiee). It was significantly reduced by N.I. Ceresan (J ounce), DuBay 
1452-0 ounce), Merc-o-dust, and sulfur. Similar increases were ob- 
tained in 1944 with N.I. Ceresan, copper carbonate, Arasan, Spergon, U.S.E, 
604, Fermate, Zimate, and basic copper sulfate. 

With only 22.3 per cent and 13.2 per cent infection in Sharon and Leoti, 
respectively, all of the 9 dusts used in 1943 controlled covered kernel smut 
fairly well except Merc-o-dust, w^hich proved entirely ineffective as a f ungi- 
cide. In 1944, with 61.3 per cent smut in Sharon kafir grown from untreated 
seed, infection was reduced to less than 1 per cent by N.I. Ceresan (4 ounce), 
copper carbonate (1 ounce), Spergon (1 ounce), IJ.S.R. 604 (1 ounce), and 
basic copper sulfate (2 ounces). Arasan (at 2 ounces per bushel) reduced 
infection to 1.1 per cent, while Zimate, Fermate, and sulfur were somewdiat 
less effective. Arasan, applied at 1 ounce per bushel failed to control smut 
satisfactorily in the 1944 tests. 

Under conditions favoring severe smut infection (75.7 per cent) only 
the volatile mercury dusts, DuBay 1452-F (I ounce), and N.I. Ceresan 
ounce) approached satisfactory smut control in a variety (Scarborough 
broomeorn) having seed with persistent glumes, while copper carbonate (3 
ounces), Arasan (1 ounce), and Spergon ( J ounce), allo-wed 31.7, 39.3, and 
48.2 per cent smut, respectively. 

Treated and untreated seed of 5 varieties was stored at 20° C. and 70 
per cent relative humidity for 180 days. In germination tests at 20° C. in 
steamed soil after 2, 20, 40, 80, and 180 days’ storage, Arasan, copper car- 
bonate, and Spergon either improved emergence or did not impair it, while 
N.I. Ceresan reduced emergence significantly in 3 varieties, and improved 
it in one. In unsterilized soil the protective effect of N.I. Ceresan, in gen- 
eral, outweighed its harmful effects, while the other three fungicides im- 
proved emergence significantly. Sulfur caused no improvement and some 
injury. 

Bureau of Plant Industry Station, 

Beltsville, Maryland 
and 

Nebraska Agricultural Experiment Station, 

Lincoln, Nebraska. 












REPORT OP THE 1945 ANNUAL MEETING OP THE NEW 
ENGLAND DIVISION OP THE AMERICAN 
PHYTOPATHOLOGICAL SOCIETY 


The annual meeting of the New England Division was held at Waltham, 
Massachusetts, February 15 and 16, in conjunction with the New England 
Vegetable Growers Conference. Twelve technical papers were presented in 
morning and afternoon sessions on Peb. 15, and a business meeting was held 
in the evening. A round table discussion on vegetable disease problems and 
control recommendations took place on Peb. 16. , 

Officers of the Division for 1945 are : President, Donald Polsoni, Maine 
Agricultnral Experiment Station, Orono ; Vice President, P. L. Howard, 
Rhode Island State College, Kingston ; Secretary-Treasurer, Thomas Spros- 
ton, ,Ir,, Massachusetts State College, Amherst j and Councilor, M. C. 
Richards, University of New Hampshire, Durham. 

ABSTBACTS OF PAPERS PBESBNTBI) AT THE ANNUAL MEETING OP THE 
NEW ENGLAND DIVISION 

IntraseaHonal advance of disease to evaluate fungicides or genetical differences. 
Barrato, B, W. The rate of progress of a disease during the growing season has been 
found valuable in studying responses to fungicides and other variables. The technique 
of using this rate of progression involves disease readings by a grading system on the 
individual plants in each plot at regular intervals over the growing season. The average 
disease in per cent .for each plot at each reading is calculated and graphed on arithmetie- 
probability coordinates to give the disease trend curve during the season. From the trend 
cnrvej which often approximates a straight line, the number of days necessary for a vari- 
able to reach any given level of disease can be ascertained by interpolation. This tech- 
nique has been used in evaluating the iield performance of fungicides and tomato varieties. 
When several concentrations of a material are to be compared, the disease delay at the 
desired level for each dose is first obtained. Then disease delay in days is plotted against 
concentration on arithmetic coordinates. Such a curve permits the simultaneous evalu- 
ation of three variables—time, concentration, and response. The technique has been 
adapted to the laboratory assay of the rate of loss in potency of a fungicide. 

Control of onion smut hy fungicides applied to the soil. Doran, W. L., and T. 
Srrostoh, Je, Onion smut, caused by Urocystis cepulae, was well controlled in green- 
house experiments by Fermate mixed with 5-8-7 fertilizer and applied to the soil immedi- 
ately before seeding at the rate, per acre, of 58 pounds Fermate in 1500 pounds of 
fertilizer. Fertilizer alone lessened the severity of smut. Thus, in a typical instance, the 
percentages of seedlings that became infected were 88 per cent in untreated soil, 56 per 
cent in soil with fertilizer, and 1 per cent in soil with Fermate and fertilizer, Fermate 
either improved the growth of seedlings or was withoiit effect upon it. Arasan similarly 
used gave comparable results. There was good control of the disease with Puratized 
N5-X and with the nitrites of sodium and calcium, but Fermate gave better results. 
There was fair eontrol with urea and with calcium cyanamide but, as used, they caused 
some injury, as did also potassium dichromate. 

Volymodal rmponse curves in liologioal research. Okies, G. A., *T. O. Horspale, and 
Ni. Tuekre. The polymoclal curve represents a series of responses distributed in two or 
more modes. This phrase is preferred to the commonly used periodic or cyclic response 
curves which connote time, Buch curves are apparently generated by the interaction of 
two dote factors or elements in the stimulus that effect the response when studied over 
a imfflelently wide range of ratios, They have been observed in research; (1) in the 
balance between ealeinm and potassium on the development of potato scab and club root 
of cabbage; (2) in the effect of pyrophyllite on the insecticidal potency of derris ; (3) in 
the fungiatetie dotage ^response curves of tetramethylthiuramdisulphide ; (4) in the com- 
bmed effect of sulphur and copper on BcUroUnia- Numerous others have been found in 
the literature m, for example, in the effect of the balance between and OH“' oh fungus 
growth, and between salts on the growth of plants. These curves are very similar to those 
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obtained with many pliysical systems, including tlie Liesegang plieiiomenon, in wliicli a 
colloid is involved. The configuration of the curve may suggest the ineclianism by which 
the two factors involved may interact. One such type of interaction which this curve may 
clarify is in the study of systems in which both antagonism and synergism are disidayed. 


Studies on the idcTititif and control of stilbaceous mold in gas-purifyinc) sponge. 
OUBAj E, E ,, and E. V . Seeler, Jr. A phaeo-stilbaeeous mold agreeing witli the fungus 
Sporocybe Borsinii G. Goidanich = Lindforsii Curzi has been found fouling and 

partly sealing the sponge in the gas-purifying boxes at the Everett (Massachusetts) plant 
of the Boston Consolidated Gas Company. The gas-purifying sponge employed in the 
removal of hydrogen sulphide is prepared by mixing 26 pounds of bauxite residue (a bv- 
product obtained in the extraction of aluminum oxide from its ore) or ground bog ore, 
each essentially iron oxide, with each bushel of wood shavings. Each purifying box 
contains approximately 10,000 bushels of sponge. The fungus has been reported previ- 
ously from Europe, in wood pulp destined for paper manufacture and in decaying wood 
in leaf mold A phaeo-stilbaceous mold similar to GrapJmm spp. was found in the dry 
box purification systems of gas-producing plants in Washington, Philadelphia, and other 
nearby places in 1938 and 1939. The injection of steam into the sponge and purification 
structure, and its confinement to obtain a uniform lethal temperature, is recommended 
for control. Temperatures of 180° F. for 15 minutes, intimate with the fungus, are lethal. 
An initial highly alkaline reserve in the sponge, and the maintenance of alkalinitv up- 
wards of pH 10.0, is repressive to the fungus. The fumigation of the sponge in situ 'with 
formaldehyde is recommended. Wetting down the top sponge layer in the boxes with 
formaldehyde diluted 1~50 or with 0.2 per cent sodium penta-chlorphenate solution, or any 
other suitable disinfeetaut, is suggested. Sterilization of the wood shavings or ready- 
made sponge with heat or chemicals before installing the boxes is desirable. 


An improved grading system for measuring plant diseases. Horsfall, J. G., and 
R. W. Barratt. Heretofore, in recording severity of plant diseases by grading, the 
grades have been assigned equal values in percentage. According to the Weber-Fecliner 
law, the human eye distinguishes according to the logarithm of the light intensity. Hence, 
the grades should be based on equal ability to distinguish, not on equal disease. Below 
50 per cent, the eye sees the amount of diseased tissue. Above 50 per cent, it sees the 
amount of disease-free tissue. A new scoring system is based on 50 i)er cent as a mid- 
point. The grades differ by a factor of two in either direction as follows ; 1 = 0, 2 = 0 to 3, 
3 = 3 to 6, 4 = 6 to 12, 5 = 12 to 25, 6 = 25 to 50, 7 = 50 to 75, 8 = 75 to 87, 9 = 87 to 94, 
10 = 94 to 97, 11 = 97 to 100, 12 = 100. Several plants (20 or more) at random are graded. 
Mean grade = grade readings -Miumher of readings. A calibration curve is set up with 
grade numbers on the X-axis and percentage disease on a special semi-log. Y-axis with 
one and one-half phases from either end up to 60 per cent. The grid has the aspect of 
arithmetic-probability paper. This scheme has been very useful in fungicide research, 
varietal resistance, etc. It should be useful in plant disease surveying. 


Susceptibility of Logan and Florida Belle beans to Fusaritm yellows. Howard, 
F. L., and E. M. Andersen. Characteristic Fusarium yellows developed in Logan and 
Florida Belle among eleven snap bean varieties (Tendergreen, Asgrow Stringless Green 
Pod, Asgrow Black Valentine, Burpee ^s Stringless Green Pod, Bountiful, Plentiful, Pencil 
Pod Black Wax, Sureerop Stringless Wax, Keystonian, Logan, and two lots of Florida 
Belle) planted in a randomized, four-replicate design at the Rhode Island Experiment 
Station in 1944. Following a dry summer with higli soil temperatures 37 per cent and 
45 per cent of the Florida Belle and 82 per cent of the Logan foliage was dead at the 
close of the picking season on September 1. None of the other varieties had such disease 
symptoms. This experience emphasizes the necessity of trying new varieties under local 
edaphic conditions before extensive plantings are made. 


Factors influencing the development of resistant sporangia on Allomyees arbusculus, 
Jones, R. C. Experiments were carried out to deteimine the possible roles of light and 
temperature in limiting the number of resistant sporangia (structure in which meiosis 
normally occurs) formed in cultures of Allomyees arbusculus grown on maltose-peptone 
agar. Results suggested that the frequent failure of Alloniyces to develop resistant 
sporangia during the summer eoxild not be attributed to the longer pbotoperxod of that 
season. In cultures grown at relatively high temperatures, resistant sporangia were 
entirely lacking, or were formed only in limited numbers. Further ex^xerimentation 
showed that high aggregate temperatures Avere more limiting than were high maximum 
temperatures. Within the temperature limits of these experiments, the number of resis- 
tant sporangia per given area became successively smaller as the number of degree hours 
of temperature per day was increased, even when the same minimum and maximum tem- 
peratures were maintained. 
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Investirfatlon of the Dutch elm disease in Massachusetts. McKenzie, M. A. Since 
1941, when the first tree in Massachusetts known to be affected by the Dutch elm disease 
was found at Alford, 32 additional affected trees have been found nearby in Berkshire 
Countv and 10 diseased trees in Hampden County. Some factors may help and some 
factors may handicap control. Handicaps include: 1. Large numbers of “weed’' elms 
near interstate highwavs, railroads, and rivers. 2. Prevailing winds in relation to spread 
of principal carrier beetle. 3. Elm in woodpiles. 4. Hurricanes, ice storms, and high 
winds followed by increase in material for beetle breeding. 5. Conditions favorable for 
spread of disease" in areas adjacent to Connecticut Eiver. Factors that may help in the 
control of the disease include : 1. Elms sometimes in mixed plantings on streets. 2. Some 
elms well maintained. 3. Possible climatic influences. 4. Assistance of every agency 
whose work relates to trees. 5. Lower rate of increase in number of diseased trees in 
Massachusetts during flrst 3 years than in many areas elsewhere for a corresponding 
period. 6. Cooperative program of U. S. Department of Agriculture, State Department 
of Agriculture, and Massachusetts Agricultural Experiment Station for collecting data 
on diseased trees, carrying out sanitation and other control measures, and conducting 
experiments. 

The control of Alternaria hliglit on N. H. Victor tomatoes hy the application of 
fungicides. Eichards, M. C. New Hampshire Victor tomato plants set 5x5 ft. in the 
field were sprayed flve times from July 20 to August 26, 1944, with three materials: 
Copper Oxychloride Sulphate 1, 2, 4, and 8 pounds per 100; Bordeaux Mixture 1~1~, 2-2-, 
4-4-, and 8-8-100 ; and Fermate 4, 1, 2, and 4 pounds per 100. Each of the 12 treatments 
resulted in highly significant increases in yields of marketable fruits. None of the treat- 
ments increased the total yields significantly. The highest yield of marketable fruit was 
obtained with the Fermate 4-100, a yield of 19.8 pounds per plant as compared to 9.4 
pounds for the check. Equivalent control at 88.0 per cent defoliation was obtained with 
the following; Fermate 1-100, Bordeaux Mixture 4-4-100, and Copper Oxychloride Sul- 
phate 9.5-100. 

Changes in the skin of the Blue Buhhard squash during storage and its relation to 
spoilage of the squash fruits in storage. Eichards, M. G., A. F. Yeager, and E. G. Jones. 
Disease losses in storage on Blue Hubbard squash were materially reduced when the fruits 
were dried by using heat for the first two weeks of the storage period. Drying of the 
skin decreased the number of infections through minor cuts and bruises made during the 
harvesting operations. No noticeable morphological changes took place in the cells of the 
skin during the 14-day “curing” period. In the Blue Hubbard squash variety, where 
both thick and thin-skinned types occur, there was gradual lignification of the coHenchyma 
cells during the 5 -month storage, as shown by the phlorogluein test. Slight lignification 
was found in the mature, thick-akiiuied types at harvest time. After four months ’ stor- 
age, both the thick- and the thin-skinned types, showing heavy lignification, spoiled from 
numerous infections hy Alternaria, Fusarium, and Botrytis when the fruits "were placed 
under conditions favorable for infection in a cold storage room at 35-40° F. A dry room 
at 50-60° F., following the two weeks curing period, was most satisfactory for storage, 
Bemoving both mature and immature fruits, before frost, directly from the field to the 
storage and removing the stems materially reduced losses from black rot. 

Onion seed treatments. Spboston, T., Jr., and O. 0. Boyd. Seed treatments were 
used for onion and set production. The trials on seed for big onions included 8 treat- 
ments replicated 5 times in a latin-square designed experiment ; Arasan, Thiosan, and 
Fermate (100 per cent and 75 per cent by weight of seed), Formaldehyde 1-100 at 100 
gal, per acre, and check. Data on total stand of seedlings and smutted seedlings were 
subjected to analysis of variance. On total stand of plants counted three weeks after 
sowing, all dry treatments stuck dn the seed with methoeel were signi^eant (5 per cent 
point) over Formaldehyde and cheek. Arasan 100 per cent was significant (5 per cent 
point) over all other treatments except Arasan 75 per cent. Using mean numbers of 
smutted seedlings, all treatments were significant (1 per cent and 5 per cent points) over 
the cheek, However, there were no significant differences between any of the treatments 
in the control of smut. Data obtained in Massachusetts during 1943 and 1944 favor the 
use of dry stuek-on seed treatments, preferably Arasan 100 per cent or 75 per cent, because 
of increased total stands of seedlings and not because of smut control alone. For set pro- 
duction there were twenty treatments; Arasan, Fermate, and Thiosan at dosage rates by 
weight of seed o! 2 and 5 per cent not stuck on seed (-), and at rate of 2, 5, 10, 15, and 
25 per cent stuck on (4); Formaldehyde 1-60 at 100 gal. per acre; and no treatment. 
Arasan, stuck on or dry, was significant (5 per cent point) in total stand of plants over 
all other treatments per dosage rat© groups. Percentages of smutted seedlings were as 
follows; checks 35.7, Arasan 15 per cent (+) 1.7, Arasan 5 per cent (-) 3.07, Arasan 
% per cent (-) 7.9, Fomaldehyd© 8.3. Sets were graded into 3 classes i-1 inch. 
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All treatments including cliecl^s produced about 70 per cent good sets (|-| inch). Con- 
sidering ease of operation and results of set production, Arasan 5 per cent (~) to 8 i)er 
cent (-) would be preferable to Formaldehyde. 

Bed spider control with disodkm ethylene hisdithiocarhamate, Stoddard, E. M., 
G. A. Gkies, and G. H. Plumb. In greenhouse experiments considerable success was 
obtained in the control of the common red spider or red mite {Tetranyclius ftimacalatns) 
by spraying with disodium ethylene bisdithiocarbamate (Bithane) . When used -with 
0.00125 per cent B~1956 spreader, the adults and nymphs of this pest were killed by all 
concentrations above 0.125 per cent Bithane and most of those in the egg stage were 
killed by a spray of 0.6 per cent. A spray of 0.15 per cent Bithane plus the spreader, 
repeated after ten days, controlled red spiders on strawberries and carnations. Spray 
injury was not severe below approximately 0.5 per cent on strawberries and peaches, but 
some discoloration of carnation foliage occurred at a concentration of 0,15 x)er cent. 
Experiments in which the spreadeivwas omitted consistently showed less injury to the 
plants and a lower kill of the mite population. The spruce mite, Faratetranyehus 
U 7 iunguis, was controlled by immersing the cut ends of spruce twigs in a 0.6 per cent 
solution of Bithane. This indicated that control of this species was effected by the 
absorption of the chemical by the twigs. No population reduction was observed on check 
twigs immersed in water. The common red mite was not controlled when cut petioles of 
strawberries were immersed in various concentrations or when the solutions were added 
to the soil. 
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HERBERT HIGH WHETZEL 
,1877-1944 

M. 1''. Baerxjs and E. C. Stakman 


The value of many a man's life may be judged most fairly by his influ- 
ence on others. This intangible attribute is known fully only by those who 
have felt it. Professor Whetzel had a profound influence on many persons 
as is evident from the affection they have had for him, the testimonies they 
have offered, and their activity in carrying forward his suggestions. He was 
a unique character with extraordinary talents, some of them at least closely 
akin to genius. He was a great teacher, an enthusiastic naturalist, a keen 
investigator, an efficient organizer, a scientific leader, and a dynamic man. 
This is the composite judgment of his students, his colleagues, and many of 
his professional acquaintances. It is the judgment not merely of his friends 
but also of those who have considered his contributions with detached objec- 
tivity, apart from the immediate influence of his powerful personality. It is 
simple justice to record the debt that American phytopathology and phyto- 
pathologists owe to this indefatigable champion of his chosen scientific guild.^ 

Herbert Hice Whetzel died at his home on November 30, 1944, after being 
confined to his bed for three weeks by a disease against which he had 
valiantly fought during a period of ten years. Yet, despite the inconveni- 
ence and pain it caused him, he continued his work until nearly the end of 
his life. 

Whetzel was born on a farm near Avilla, Indiana, on September 5, 1877, 
and obtained his early education at a rural school and at Avilla High School. 
After a period of teaching district schools, he entered Wabash College from 
which he graduated in 1902. While there, he came under the influence of 
Professor Mason B. Thomas, a Cornell man, and a most excellent teacher 
of botany. Probably it was due to this influence that Whetzel majored in 
botany. It was Thomas who obtained for him an assistantship at Cornell 
University and an opportunity to pursue graduate work under another great 
botanist. Professor George P. Atkinson, He later became an instructor in 
botany at Cornell and most of his time was devoted to the study of plant 
diseases. Before he could complete his work for a doctorate, Dean Liberty 
Hyde Bailey, recognizing his talents, appointed him, in 1906, an assistant 
professor and head of a new department of botany in the New York State 
College of Agriculture to be devoted to teaching and research work in plant 
diseases. The following year, at the earnest request of Whetzel, the name 
was changed to department of plant pathology. He was appointed professor 
in 1909 and retained this title throughout his life, although he resigned the 
headship of the department after an interval of sixteen years in order to 
devote his full time to teaching and research. He was convinced also that, 
with rare exceptions, no man should be allowed to head a department for 

1 Professor PI. M. Pitzpatrick has prepared a personal account of Professor Whetzel ’s 
life to be published in ^‘Mycologia’^ during 1946. 
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more than fifteen years because long tenure deprives ambitions and able 
young men of the stafi* of an opportunity to do administrative work and he 
thought it might be injurious to the department or the institution itself. ^ 

Professor 'Whetzel Avas first of all a teacher. His profound knowledge 
of phytopathology, his enthusiasm, and his interest in those willing to work 
attracted students to him. He had an unusual ability to present his subject 
clearly and logically. He taught the elementary courses himself because he 
believed the undergraduate students needed the clear presentation of the 
subject and the inspiration he was able to give them. This also gave him 
the opportunity to discover exceptionally gifted students and to persuade 
them to take graduate work. In his early years of teaching, he spent much 
time in preparing reading and laboratory texts of each disease used for class 
study, according to an outline he had originated. These were revised from 
time to time with the help of his colleagues in the department and two edi- 
tions of the laboratory text were later published. 

Whetzel took the attitude that students who registered for his courses 
did so because they wanted to obtain a knowledge of the subject. No record 
Avas kept of their attendance at lectures and laboratory periods; they could 
come or not as they wished. In order to obtain credit in a course, however, 
they must complete satisfactorily the work assigned. Being dissatisfied with 
the usual method of teaching, he devised a system whereby students select 
for study, within groups, certain diseases in Avhich they are especially inter- 
ested. They are provided Avith ample material and with the laboratory and 
reading texts. They may A\^ork on any disease as long as they wish, for the 
laboratories are always open. After completing the study of a disease, they 
are given an individual conference with an instructor at Avhieh the student 
demonstrates his knowledge of the subject by the way he uses it in solving 
hypothetical problems. 

The graduate students, however, Avere not neglected. He was always 
available to them and his fertile mind was full of ideas relating to their 
problems. He was quick to give praise for their accomplishments and 
AAdlling to give them full credit for their discoveries even when his sugges- 
tions made them possible. That they might know the background of their 
science, he published an outline of the history of phytopathology. He also 
gave a course in scientific German reading, using a method he devised which 
enabled the student to acquire a proficiency in reading the language within 
a year. He did whatever was possible to fit them for their profession and 
they left for their own fields of activity with a deep sense of gratitude and 
an enduxung attachment to him. 

But WhetzePs influence extended far heyond his own classroom. Dui'- 
ing the period of his greatest vigor, he made a two-fisted fight for better 
teaching and he expounded his pedagogical ideas far and wide with a 
zealousness born of intense conviction. To him the individual Btudent was 
the most important element in education. He often said ‘^Nobody ever 


2 Jones, L. B. Whetzel resigns headship — deplores present system of administratiTe 
tenure. Phytopath. 12: 499-000. 1922, 
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taught anybody anything.” His idea was that a teacher was good not so 
much because of what he transmitted to students but because of what he 
got them to learn. This educational doctrine was not new but Whetzel 
really made it work. Students who had passed his individuaheffort courses 
stuck out their chests a little farther and elevated their chins a little higher : 
they had acquired confidence in their own intellectual power, in their ability 
to find out about things by themselves. Insistence on individual work, on 
respect for facts, on refinement of concepts, on precise terms and definitions, 
and on organization of knowledge was the keystone of WhetzePs pedagogical 
creed. And, born agitator that he was, 'Whetzel at least jarred many other 
teachers out of complacency and, in his peppery way, injected enough intel- 
lectual irritants into their minds to make them think about improving their 
own methods even if they did not accept his. 

Whetzel always wanted farmers to have the best and latest information 
on disease control. In the early years of the department’s life, he spent 
considerable time in preparing exhibits and in attending fairs. He ad- 
dressed farmers many times at state and county meetings and used every 
opportunity to impress upon them the importance of controlling diseases. 
Once, he gave a talk on apple scab, using charts, at a night meeting of the 
state horticultural society. After the meeting, the extension director who 
is also a fruit grower, remarked, anyone had told me I would sit on a 
hard bench in a hot crowded room for two hours listening to a man spout 
about apple scab, I would have told him he was crazy. But I did and I liked 
it and I learned a lot.” During those years, Whetzel was well known and 
well liked by New York farmers. They had confidence in him even to the 
extent of being willing to contribute money for research work on their dis- 
ease problems when he proposed it. 

He believed in the socialization of his science. But he w^as hard-headed 
enough to maintain that plant growers would appreciate and use most effec- 
tively those services for which they paid in hard cash. He was confident 
that eventually even the private plant doctor would find a field of useful- 
ness. At a time when many agricultural scientists still looked askance at 
funds offered by commercial organizations for research, Whetzel boldly 
eneouraged and advocated the industrial fellowship plan and made it work. 
Not only corporations hut also growers’ organizations were brought into 
partnership with the University in the investigation of plant-disease prob- 
lems. These fellowships made it possible for qualified students to undertake 
graduate work who would have been unable to do so without financial assis- 
tance and they have resulted in the accomplishment of much practical experi- 
mental work that, withoixt them, would not have been done. 

The generation of plant pathologists who were in process of professional 
development while Whetzel was in his prime probably were most impressed 
by hiK Kiihnian attitude: the utilization of basic information in plant-disease 
control. Certainly Whetzel and his associates at Cornell were in the van- 
guard of those pioneers who began to emancipate practical plant pathology 


1945] 


Barrus and Stakman: Herbert Hice Whetzel 


663 



from a murky empiricism and place it on a sound scientific basis. He ap- 
preciated the possibilities of improvement in control methods and materials. 
As soon as lie learned of Cordley’s results with lime-sulphur as a fungicidCj 
he had a fellowship organized to study further the possibilities of this ma- 
terial in controlling diseases in New York State. He championed dusting 
as a substitute for spraying in the early days of its use for disease control 
and defended the method in the face of severe criticism Avheii its limitations 
became apparent, for he believed that, with improvement in quality of dusts 
and in machinery for applying it, this method of protection would be gen- 
erally used. 

Despite his advocacy of exacting standards of experimentation in a very 
practical field of endeavor, Whetzel remained at heart a naturalist, a collec- 
tor, and a mycologist. His intimate acquaintanceship with growing things 
ill the woods and fields was not only the envy but also the despair of many 
who had the desire but not the ability to master successfully so wide a range 
of pure and applied mycology. 

During his later years, he devoted much time to the study of the Sclero- 
tiniaeeae in which he, was interested throughout most of his professional 
life. He collected assiduously every spring and also received specimens from 
other mycologists knowing his interest in this group. Many papers relating 
to the genera and species have been published by him and by his ^students, 
At one time he planned to prepare a monograph of the North American 
species but, as his work progressed, he recognized the need for a more de- 
tailed study of the new species discovered and for erecting new genera 
before it would be possible to monograph them. Realizing finally that his 
time was short, he started to prepare a characterization of the new family 
Sclerotiniaeeae and a synopsis of the fifteen genera he had included in it. 
Although it is unfortunate that he was unable to complete this before his 
death, he did succeed in greatly increasing our knowledge of this important 
family of fungi. 

WhetzeDs researches cover a wide range in phytopathology, as the list 
of his publications indicates. While he was still an instructor in botany, 
he published three important bulletins on plant-disease control. During his 
lifetime he was active in studying diseases of many kinds of plants, including 
medicinal, ornamental, and wild plants, and in the study of fungicides and 
control measures. And yet to many pathologists WhetzePs critical faculty 
may have been even more stimulating than his own researches. It is a great 
misfortune that he published so little of his vast store of information, but 
his ‘‘Are you sure of thatP' ; his “111 bet you a cigar that I can prove you 
wrong ’’ 5 and his less contentious “Did you ever try this— f” in meetings, 
in his favorite “rag-chewing sessions,” and in correspondence suggested 
many a new line of attack on obscure problems and led to many a discovery. 
Dynamic he was, not only in teaching but also in research, and he added to 
his zeal for both a prof ound faith in the service of organized plant pathology 
in plant production and plant protection. 
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The plant pathology herbarium at Cornell University is a monument to 
Whetzel’s interest in fungi. His own collections formed its nucleus to which 
he and others have added many specimens since. It now contains more than 
31,000 specimens besides private and special collections and purchased exsic- 
eatae. Since 1922, when he first collected in Bermuda, he had been active 
in building up collections from the Tropics. He made three trips to Puerto 
Rico and one to Venezuela during which he collected extensively with other 
mycologists. He collected fungi wherever he went and stimulated his stu- 
dents to do likewise, with the result that specimens have come from many 
countries and especially from Latin-America. 

Whetzel was one of the charter members who organized the American 
Phytopathological Society in 1909 and was one of its guiding spirits until 
his physical condition prevented him from attending meetings. And he 
worked hard to make the Society useful not only to its members but to the 
advancement of science as well. He was one of the promoters in the organi- 
zation of the Myeological Society Of America and took a leading part in its 
affairs as well as contributed to its official journal. 

Gardening was another activity that gave him much pleasure. He grew 
many kinds of plants, including new varieties of vegetables and fruits. His 
greatest interest was wild and cultivated varieties of flowering i^lants, espe- 
cially unusual and rare species and varieties. Pie delighted to show these 
to the many persons attracted to his garden and generously gave plants and 
seeds to those who indicated an interest in them. From this garden also 
came many prized specimens of plant diseases he had discovered and main- 
tained. 

A many-sided man, Whetzel was an intensely interesting character. It is 
difficult to suppress an impulse to w'rite about his human qualities because, 
to those who knew him best, his sterling character and his capacity for 
enduring friendship command respect and admiration quite as much as 
his intellectual contributions. His friends will always keep something of 
“Whet” within themselves. But this is being written not as a eulogy but 
as an evaluation of WhetzePs services to Plant Pathology. To say that he 
was “Prof” to many aspiring young pathologists who never entered his 
classroom would alone be high tribute. But, it is even higher tribute to say 
that he was still “Prof” to many of his professional associates who fought 
him hard on certain issues. For ‘ ‘ Prof ’ ’ was a rugged, aggressive, and game 
fighter. Pie fought for his convictions and came into an argument with 
crackling energy and a determination to rush his opponents through the 
ropes. He never held resentment long against anyone and never spoke 
maliciously of others. 

No longer will his footsteps be heard in the corridors of the University 
nor his cheery “Howdy” greet his friends as in the past. His voice will not 
be raised in arguments at gatherings he loved to attend nor will bis friendly 
eouneel guide his students anymore. Yet, in the hearts of all who knew him 
will remain the memory of the man, and his influence will prevail for many 
years to come. His life was full and rich because he lived it with others. 
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Notes on apple rusts, pp. 255-261. 

Notes on the genus Stemoiiitis. pp. 261-266. 

A new method of, mounting superficial fungi. Jour. Hye. 9; 218-219. 1903. 

Onion blight. N. Y. (Cornell) Agr. Exp. Stat. Bui. 218^ 138-161. 1904. 

Bean anthraenose commonly known among growers as blight or rust. N. Y. (Cornell) 
Agr. Exp. Stat. Press Bui. 4. 1905. 

The diseases of ginseng. Special Crops 4: 170-171. 1905. 

Observations on blight cankers of apple trees. Prairie Parmer 77: 4-5. 1905. 

Blight cankers of ai^ple trees. Western Fruit-Grower 16; 349-353. 1905. 

The blight canker of apple trees, Proc. Amer. Bornological Soc. 29 : 145-153. 

Blight canker of apple trees. Farmers^ Inst. Kept. 1905: 118-131. 1906. 

A fungus leaf blight of tomatoes. Cornell Countryman 3: 83-85. 1906. 

The Alternaria blight of ginseng. Cornell Countryman 4: 33-41. 1906, 

Fire blight and apple tree canker. Wis. Sta. Hort. Soc. Rept. 1906: 215-226. 

The blight canker of apple trees. Printed pamphlet distributed to Farmers 
Workers at Normal Institute in 1906. 

The blight canker of apple trees. N. Y. (Cornell) Agr. Exp. Stat. Bui. 236 : 99-138. 

1906. 

Some diseases of beans. N. Y. (Cornell) Agr. Exp. Stat. Bui. 239: 195-214. 1906. 
Blight canker of apple trees. 11 pp., 25 figs. Brandow Printing Company, Albany, N. Y. 

1906. 

Fighting fungi in their winter quarters. Cornell Reading-Course for Farmers and Supple- 
ment. Series 7. No. 30: 669-676, 678. 1907. 

Bordeaux cold injury of ginseng during the spring of 1907. Special Crops 6: 184-187. 

1907. 

The blight canker of apple trees. Wis. Sta. Hort. Soc. Bill. 12: 5-23. 1907. 

Some diseases of ginseng. New York State Ginseng Growers^ Assoc. 1907: 3-15. 1907. 
Normal Institute for New York Farmers Institute Workers. Syllabi of Lectures, 1907. 
Fighting the fire blight of apple trees during winter and fall. 3 pp. 

Controlling bean anthraenose by the use of disease-free seed. 2 pp. 

Some bacterial diseases of plants; their nature and treatment. Mass. Hort. Soc. Trans. 
1907: 117-129. 1907. 

A pai’asitie fungus that winters in the seed of its host. Ontario Nat. Sei. Bui. 4: 7-9. 

1908. 

Hi Insect pests and plant diseases. N. Y. (Cornell) Agr, Exp. Stat. Bui. 252. 1908. 

The control of plant diseases, pp. 349-361. (With F, C, Stewart.) 

Fungicides, pp. 362-364. (With C. S. Wilson.) 

Fungicides. N. Y. (Cornell) Agr. Exp. Stat. Gir. 2. 1908, 

Factors that make for success in the teaching of biology in our high schools. Proc. 12th 
Meeting New York State Science Teachers^ Assoc, m IJniv. New York Edue, Dept. 
Bui. 431: 21-23. 1908. Also in School Sci. and Math. 8: 701-703. 1908. 

Bean anthraenose. N. Y. (Cornell) Agr. Exp. Stat, Bui. 255: 429-447. 1908. 

A fungus living as a parasite upon another fungus. Ontario Nat. Sei. Bui. 5. 1909. 

New York State Fruit Growers ^ Assoc. Proc. 8, 1909. 

Report of the chairman of the committee of plant diseases, pp. 19-22. 

Grape rot. pp. 141-144. 

Pear blight, pp. 147-149. 

Fire blight remedies. Western New York Hort. Soc. Proc. 54; 119—124. 1909, 

Cornell Countryman 7. 1909. 

The N. S. C. fellowship, pp, 24-26, 

The 0. W. Stuart and Go. fellowship, pp. 93-94. 

Sxjecial Crops 8. 1909. 

Spraying for Alternaxfia blight, pj). 104-106. 

End rot or fiber rot of seedlings. 143-145. 

Fiber rot or rust of ginseng roots, pp. 146-147. 

Fiber rot disease of ginseng, pp, 229-232, 

Plans for the department of plant pathology. Cornell Countryman 6: 226-227. 1909, 
Fire blight of pears, apxfies, quinces, etc. N. Y. (Cornell) Agr. Exp, Stat, BuL 272: 
29-51. 1909, (With V, B, Stewart.) 

Some experiments with commercial lime-sulfur as a spray for fruit diseases. 

Growers^ Assoc., Adams Go,, Pennsylvania, Proc. (1909) 5: 62-72. 1909. 

Peach leaf curl. N. Y, (Cornell) Agr. Exp. Stat. Bui. 276: 165-178. 1910. 

Errktt Wallace.) 

Department plans for summer work. The department of i>lant pRf^ology. 
Countryman 7; 301-302, 1910. 


(With W. H. Rankin.) 
(With W. H. Rankin.) 
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Bummer use of eonceiitrated lime-sulfur. N. Y". State Fruit Growers^ Assoc. Proc. 9: 
31-44. 1910. 

Occurrence of the aecidiai stages of willow and poplar rusts in nature. Science 32: 805- 
806. 1910. (With PONALD Beddick.) 

Special Crops 9. 1910. 

Tests of spray mixtures for Alteriiaria blight of ginseng, pp. 327-329. (With 
W. H. Ban KIN.) 

The fiber rot of ginseng and its control, pp. 411-416. (With George Osner.) 

Two noted visitors, pj). 417-419. 

The control of iilant diseases. In The control of insect pests and plant diseases. N. Y. 

(Cornell) Agr. Exp. Btat. BuL 283: 480-498. 1910. Beprmted 1912. 

Phytopath. 1. 1911. 

A method of developing Claviceps, pp. 50-52. (With Donald Beddick.) 

The industrial fellowship in plant pathology. (Abst.) pp. 68-69. 

Sprays injure foliage. Fruit Grower 22(4) : 14-15. 1911. 

Gladiolus *bulb rot investigation. Florists Exchange 31 : 835. 1911. 

New York State Fruit Growers’ Assoe. Proc. 10. 1911. 

Eeport of committee on plant diseases, pp. 40-50. 

Peach leaf curl, pp, 76-77. 

Report of the pathologist of the S. A. F. and 0. H. for the year 1910-11. Florists Ex- 
change 32; 456. 1911, 

Special Crops 10, 1911. 

How do the fungi that cause diseases in ginseng find their way into the gardens? 
l)p. 43-45. 

The Alteriiaria blight, pp* 194-202. 

The local plant doctor. Mass. Hort. Soc. 1911: 27-38. 1911. 

The field laboratory. Western N. Y. Hort. Soc. Proc. 56: 17-21. 1911. 

Spraying for late blight of potatoes. 1% Addresses at farmers institutes, N. Y. State 
Dept. Agr, Bui. 28: 45-49. 1911. Reprinted as Circular 35. 

Apple scab. N. Y. State Dept. Agr, BuL 28: 252-259. 1911. (With Errett Wallace.) 
Reprinted as Circular 41. 

Ginseng and its diseases. Ontario Nat. Sci. Bui. 7: 22-28. 1912. 

New York State Fruit Growers’ Assoc. Proc, 11. 1912. 

Report of committee on plant diseases, pp. 28-34. (With Donald Reddick.) 
Baldwin BX)ot or atippin. x^P* 211-218. 

The fungous diseases of the peach, pp. 211-218. 

A destructive disease of jieonies. The American Botrytis blight. Florists Exchange 34: 
565-566. 1912. 

The diseases of ginseng and their control. IT, S. Dept. Agr., Bur. PL Ind. BuL 250. 

1912. (With d. Rosenbaum.) 

Garden Magazine 15. 1912. 

Be your own plant doctor, pp. 247-250. 

Preparing sjrray mixtures, pp. 256, 258, 

Spraying orchards for the control of apple scab. Mass. Fruit Growers’ Assoc., Ann, 
Kept. 19: 7-20, 1913. 

Co-operation in the control of fruit diseases in New York. Maine Comm. Agr. Ann. 

Bept. 11: 102-114. 1913. Appendix, Ann. Rept. State Pomological Soc. 1912-13. 
Diseases of the peony. American Florist 44 : 609-612. 1915. 

Diseases of the peony. Mass. Hort. Soc. Trans. 1915: Part 1: 103-112. 1915. 

Keeping the peonies in health. Garden Magazine 21; 212-213. 1915. 

The diseases of roses. American Rose Annual: 53-56. 1916. 

The Phytophthora rot of apples. Phytopath. 6; 89-90. 1916. (With J. Rosenbaum.) 
Dusting versus spraying. Summary of the cooperative apple dusting and spraying demon- 
strations, season 1916. Monroe County Farm Bureau News 2 : 101-102. 1916. 

Ginseng diseases and their control. IT, S. Dept. Agr. Farmers’ BuL 736. 1916. (With 
J. ROSENBAUM, J, W. Brann, and J. A. McClintogk.) 

Laboratory outlines in plant pathology. 207 pp. Published by the authors, 1916. (With 
Lex B. Hislir, C. T, Gregory, and W, Howard Rankin.) 

Borne of our most common apple diseases. In The fruit industry in New York State, 
N. Y. State Dept, Agr. BuL 79: Pt. 1; 855-870. 1916. (With Lex R. Hesler.) 
Endo^>hyiIum'Uke rusts of Porto Rico. Amer. Jour. Bot. 4: 44-52, 1917. (With E. W, 

Dusting as a substitute for spraying. N. Y. State Fruit Growers ’ Assoc. Proc. 16 : 61-75. 
1017* (With F* M. Blodgew.) 

Busting m a iubstitut© for spraying; history and progress. Ontario Fruit Growers’ 
A»f06. Bept. 48 1 37-47. 1017. 

pp. The MaeMUlan Company, New York, N. Y. 1917. 

(With li*x B. H*8hBE.) I ) 
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The Botrytis blight of golden seal. (Abst.) Phytopath. 8: 75-76. 1918. 

Proposed reorganization of potato inspection work in the State of New York. N. Y. 

State Potato Assoc. Proc. No. 5: 28-32. 1918, 

An outline of the history of phytopathology. 130 pp. W. B. Saunders Company^ Phila- 
delphia, Pennsylvania. 1918. 

Combating cherry leaf blight. Canadian Hort. and Home Magazine 41: 117-118. 1918. 
Latest information on fruit diseases and their control. Western N. Y. Hort. Soc. Proe. 
63: 63-70. 1918. 

Democratic coordination of scientific efforts. Science 50: 51-55. 1919. 

Co-operation among plant pathologists. Cornell Countryman 16: 13, 36, 38, 40. 1919. 
G-eorge Francis Atkinson. Guide to Nature 12; 70-72. 1919. 

The control of apple scab. Pennsylvania Farmer 45(7) : 186, 202-203. 1919, 

New institute of research in phytopathology. Phytopath. 9: 154. 1919. 

George Francis Atkinson. Bot. Gaz. 67: 366-368. 1919, 

Dusting vs. spraying. N. Y. State Hort. Soc. Proe. 1: 182-187. 1919. 

This season Annapolis Valley fruit crop. N. Y. State Fruit Grower, pp. 10-11, 17. 
January, 1920, 

Spraying. Mass. Dept. Agr. Cir. 20. 1920. 

The present status of dusting. N. Y. State Hort. Soc. Proc. 65: 45-75. 1920. 

Some common diseases of plants and their control. In Garden Guide. Ed. 4. pp. 309- 
318. 1920. Published by the A. T. DeLaMare Company, Inc., New York, N, Y. 

(With Edwin E. Hopkins.) 

Institute for plant protection. In Science and national progress. Scient. Ainer. Monthly, 
pp. 174-175. Oct., 1920. 

Phytopath.il. 1921. 

Frederick Kolpin Eavn. pp, 1-5. (With H. B. Hdmphbey.) 

The Phytopathological Society of France, pp. 100-101. 

' ^ Get up and dust. ^ ^ Cornell Countryman 18 : 252-255. 1921. 

Potato dusting. N. Y. State Potato Assoc. Proc. 1920(7) : 15-20. 1921. 

Present status of iilant pathology in agriculture. Quebec Soc, Protect, Plants, Ann. Rept. 
13: 24-30. 1921. 

Fruit diseases of the past season. N. Y. State Hort. Soc. Proc. 66: 37-47, 1921, 

A guide to the control of diseases and pests of plants in Bermuda. Niagara Sprayer Co., 
Middleport, N. Y., BuL 233. 1922. 

Report of the pathologist for the period June 10th to December 31st, 1921, Bermuda 
Repts, Board and Dept. Agr. 1921; 30-64. 1922. 

Bermuda Dept. Agr., Agric T. Bui. 1. 1922. 

The pink-root of onions. (7) : 4-6. 

The oleander scale parasite. (8) : 5. 

The seed potato situation. (9) : 2-4. 

Dusting. (10) : 8. 

Bermuda Dept. Agr., AgricL Bui. 2. 1923. 

Celery diseases. (1) : 7-8. 

The endemic plants of Bermuda. (4) : 5-8. 

Control of plant diseases and pests. (5) : 2-9. 

Dusting in Bermuda, (5) : 9-10. 

An open letter to the farmers of Bermuda. (9) : 1-2. 

Report of the plant pathologist for the period January 1st to May 31st, 1922. Bermuda 
Repts. Board and Dept. Agr. 1922 : 28-32. 1923. 

The Alternaria blight of potatoes in Bermuda. Phytopath. 13: 100-103. 1923. 

Apple scab. Fruit Growers ^ Assoc. Ontario, Ontario Dept, of Agr. Ann, Rept. 64; 16-22. 
1923. 

The latest about dusting. Rural New Yorker 82 : 339, 341, 358, 359. 1923. 

Phytopath. 14. 1924. 

The grey bulb-rot of tulips. (Abst.) pp. 30-31. (With John M. Akthur.) 
National Southeastern University of Nanking, China, pp. 244. 

Special report by Professor H, H. Whetzel. Bermuda Repts. Board and Dept. Agr. 1923 : 
45—52. 1924 

Dusting apples in New York, Peninsula Hort. Soc., State Bd. Agr, Delaware, Trans, 
13(3) : 19-28. 1924. 

Apple scab and foliage injury. N. Y. State Hort. Soc. Proc, 69: 76-78. 1924. 

The composite life history of FtiCGinia podophylU Schw. Jour. Agr, Res. [U.B.] 30: 

65-79. 1925. (With H. S. Jackson and E. B. Mains.) 

The gray bulb-rot of tulips caused by MMsoctonia tuliparum (KX^hh,) n. comb. N. Y. 

(Cornell) Agr. Exp. Sta. Memoir 89. 1925. (With John M. Arthur.) 
Homesteading in Porto Rico. Cornell Countryman 22 ; 203-204. 1925. 

The future of dusting. Peninsula Hort. Soc,, State Bd, Agr. Delaware, Trans, 14 : 26-33. 
1925. 
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Apple scab: its prevention and control. Leaiiet— The Greening Nursery Go.^ Monroe, 
Michigan. 192o. 

The story of the apple scab and its control. N. Y. State Hort. Soc. Proc. 70: 159-162. 

1925. 

LaborMtorr outlines in plant pathology. Eevised edition. 231 pp. W. B. Saunders, 
Philadelpliia, Pennsylvania. 1925. (With Lex B. Hesler, 0. T. Gregory, and W. 
Howari> Eankin.) 

Dusting for the control of orchard diseases. Hoosier ITortieulture 8(2): 18-29, 1926. 

Nature of liquid and dust spray materials. Amer. Pruit Grower Mag. 46(4) : 46. 1926. 

Myeologia 18. 1926. 

Some new and interesting Porto Bican rusts, pp; 39-47. (With Prank D. Kern.) 
Pungoiis diseases of fruit trees and their remedial treatment by G. H. Cunningham. 
(Review.) pp. 95-96. . 

The smuts of Porto Bico and the Virgin Islands, pp. 114-124. (With Prank D. 
Kern.) 

North Amerkaii species of Selerotinia — ^I. pp. 224-235. 

Second report on dusting for cereal rusts. (Abst.) Phytopath. 16: 64. 1926. (With 
C. Y. Kightlinger.) 

A lesson in apple scab. N. J. State Hort. Soc. Proc. 52: 175-184. 1926. (A talk wdth- 

out title given at fruit growers^ session.) 

Dusting for the control of orchard diseases. Ind. Hort. Soc, Trans. 65: 92-105. 1926. 

Hemibasidiomycetes. In Scientihe Survey of Porto Bico and the Virgin Islands. Bot- 
any of Porto Bieo and the Virgin Islands. Mycology. N. Y. Acad. Sci, 8: 107-144. 

1926. (With Prank D. ICeen.) 

Joseph Bosenbaiim. Phytopath. 16: 895-897. 1926. (With I. E. Melhus.) 

Special report by Prof, II, H. Whetzel. Bermuda Dept. Agr., AgricT. Bui. 5(3) : I-o. 
1926. 

Special report by Prof. H. H. Whetzel. Bermuda Dept. Agr. Bept, 1926: 53-56. 1927. 
International Congress of Plant Sciences. Cornell Countryman 23: 265. 1926. 

Apple scab, N. J, State Hort. Soc. Proc. 52; 175-184. i926. 

Dusting fruit trees. Ohio State Hort. Soc. Proc. €0 : 76-89. 1927. 

How fungicides act to protect fruit trees. 31st Ann. Meeting Va. State Hort. Soc. Proc. 
(1926) 15; 81-107. 1927. 

Dusting wheat for rust control. Cornell Countryman 26 : 174. 1928. 

The crown elongation disease of the peony. Phytopath. 18: 243-244. 1928. 

The dusting of fruit trees. Pruit Grower (England) 66: 589-590, 625-626. 1928. 

The rusts and smuts of Bermuda. British Mycol. Soc. Trans. 13; 1-32. 1928. (With 
H. S. JAGK80N.) 

The relation of plant pathology to human affairs. In Plant Pathology and Physiology 
in Belation to Man. pj). 151-178. 1928. Mayo Ponndation Lectures. Published 
by W. B. Saunders Company, Philadelphia, Pennsylvania, 

Special Crcq^s 27. 1928. 

Ramularia rust of ginseng, pp. 235-2*36, 

The Bainularia rust. pp. 278-279. 

Sulphur and the Alternaria blight, pp. 306, 309, 312. 

The Bamularia rust. p. 312. 

The Bamularia rust of ginseng, pp. 326-330. 

Diseases of garden plants and their control. In Garden Guide 309-318 c. 1928. Pub- 
lished by A. T. DeLaMare Company, Inc., New York, N. Y, 

Diseases of ginseng and golden seal. Special Crops 28; 201-208. 1929. (Ans’wers to 
letters.) 

Myeologia 21. 1929. 

North American species of Selerotinia— II. Two species on Carex, S. Duriaeana 
(Tnh) Mlm,, md S. longiselerotialis n. Bp, pp. 5-32, 

Cultures of Sclerotial fungi, p. 53, 

Phytopath. 19. 1929. 

Oaleium arsenate as a fungicide. (Abst.) p. 83. (With T. C. Loh and S. E. A. 
McGallan.) 

Cultures of Sclarotial fungi, p. 176. 

A monographic atxidy of Gercospora species of the world. Myeologia 22: 101-102. 1930. 
An experiment in teaching. Journal of Higher Education i; 125-135, 1930. 
no terminology of phytopathology. Intarnat. Cong. Plant Sei. 2: 1204-1215.* 1929. 
Control of diseases of garden plants. Leaflet No. 41. 1929. A. T. DeLaMare Company, 
Ine., New York, N. Y. ' ' , 

An experiment in teaching. Bcient, Monthly 31; 151-162. 1930. 

ITrodinalea, In Mycolo^l Explorations of Colombia. Jour. Dept. Agr. Porto Bico 14 ; 
401-^48. 19804 (With Prank: D* Kern.) , . ■ 
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Ginseng diseases and tlieir control. U. S. Dept. Agr, Farmers ^ Bui. 736. 1930. (Re- 

vised.) (With J. Rosenbaum, J. W. Brann, and J. A. McCmntock.) 

Some special plant disease surveys in New York State in 1929. U. S. Dept. Agr., Riant 
Dis. Reptr. Snppl, 76. 1930. 

Introduction, p. 79. 

Diseases of winter wheat, p. 90. 

The willow blight, pp. 91-93. 

Lilac blights, pp. 93-94. 

The leaf spot of iris, pp, 94-95. 

Two white smuts of the garden, pp. 95-96. 

List of specimens deposited in the Mjcological Collections of the Bureau of Plant 
Industry, p. 96. 

Concepts and terminology. In Studies on fungicides. N. Y. (Cornell) Agr. Exp. Stat. 

Memoir 128: 3-7. 1930. (With S. E. A. McOallan.) 

Alternaria blight will soon appear in your gardens. Special Crops 30: 121-122. 1931. 
The Rainularia root rot or rust of ginseng and its control. Special Crops 31: 171-172. 
1932. 

A new species of Botrytis on rhizomatous iris. Myeologia 24: 469-476. 1932. (With 
E. L. Drayton.) 

Annotated index of the rusts of Colombia. Myeologia 25: 448-503. 1933. (With 

Frank D. Kern and H. W. Thurston, Jr.) 

Diseases of garden plants and their control. In New Garden Guide, pp. 432-445. 1934, 
Published by A. T. DeLaMare Company, Inc., New York, N. Y. 

Maryland State Hort. Soe. Proc. 36. 1934. 

The story of apple scab. pp. 41-44. 

Peach brown rot. pp. 47-48. 

Dredinales. In Mycological Explorations of Venezuela, Monograplis IJniv. Puerto 
Rico — Series B, No. 2: Chap. 18. pp. 262-303. 1934. (With Frank D. Kern and 
H. W. Thurston, Jr.) 

Working for the Profs. Areopagus 3(4) : 7, 10. 1935. 

Dusting for the control of apple scab. 111. State Hort. Soc. Trans. (1935) 69: 217-225* 
1936., 

North American species of Selerotinia and related genera. III. Oiboria acerina, My- 
cologia 28 ; 514-527. 1936. (With N. Fabritius Buchwald.) 

Septotinia, a new genus of the Ciborioideae. Myeologia 29 : 128-146. 1937. 

Pleomorphic life cycles in a new genus of the Helotiaceae. Myeologia 30: 187-203. 
1938. (With W. Lawrence White.) 

Report of the manager of Phytopathological Classics. Phytopath. 28: 295-296. 1938. 
Myeologia 32. 1940. 

Selerotinia 'bifrons. pp. 124-127. 

MolUsia tetrica, Feziza Sejournei andi the genera Phaeociboria and Pyenopeziza. 
pp. 609-620. (With W. Lawrence White.) 

Shall I go to college? American Agriculturist 137(15) : 405, 410. 1940. 

.Phytopath* 30. 1940. 

Report of the manager of Phytopathological Classics for 1939. pp. 356-357. 
Observations on the varietal susceptibility of apples to Gymnosporangkim Juniperi’ 
virginianae. pp. 691-693. (With J. S. Niedicrhauser.) 

Selerotinia sclerotiorum on Calceolaria. XT, S. Dept. Agr., Plant Dis. Reptr. 24 : 284-285. 
1940. (With A. W. Dimock.) 

Why go to college? American Agriculturist 138(11) : 1, 21. 1941, 

Trash from garden elean-uj) helps bnild the compost pile. New York Times 8D — August 
3, 1941. 

^Myeologia 34, 1942. 

Ciliospora albida. pp, 525-531. 

A new genus and new species of brown-spored inopereulate Discomycetes from 
Panama, pp. 584-591. 

Growing wild dowers from seed. Jour. N. Y. Bot. Gard, 43: 244-247. 1942, 

A monograph of Lambertella, a genus of brown-spored inopereulate Discomycetes* 
Lloydia 6: 18-52. 1943. 

Myeologia 35. 1943. 

The spermodochium, an unusual type of sperniatial fruit'-body in the Ascomycetes. 
pp, 335-338. 

SoleroUnia oaricis-cmptiUaGeaef aTBinax'kMe auh^avctle Bpeeim, pp. 385-398. (With 
W. G. SOLHEIM.) 

A new genus of the Sclerotiniaceae, Farlowia 1: 483-488. 1944. 

.Saccardo^s confusion of the spermatxal stage of dwHaeuna and S, mrreyana mth the 
Bplmeelia stsige ot Claviceps nigricans, Myeologia 36 ; 426-428. 1944. 
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The scab disease of violets. IT. S. Dept. Agr., Plant Bis. Reptr. 28(23) : 769-770. 1944. 

Notes cm the Geoglossaceae of Bermuda. Mycologia 37: 32-36. 1945. (With J. M. 
Waterston and J. W. Sinden.) 

The ejpericolous and jiincicolous species of Selerotinia. Farlowia (in. press). 

A cup fungus, Cihoria canmculoides, patliogenic on mulberry fruits. Mycologia (in 
press).' (With F. A. Wolf.) , ^ 

A synopsis of the genera and species of the Sclerotiniaeeae, a family of stromatie 
Biseomyeetes. (In preparation.) 


STRUMELLA CANKER OP OAK 


Kailey Sleet h and Roll and C.Lorenz^ 

(Accepted for publication March 26, 1945) 

The distribution, host species, and symptoms of the canker disease 
attributed to the fungus Strimiella coryneoidea Sacc, have been described 
by Heald and Studhalter^ and Bidwell and Bramble.'' These investigators, 
on the basis of association, determined the causal fungus to Btmmella 
coryneoidea Sacc. Heald and Studhalter state that they secured successful 
inoculations in the field. However, they do not indicate the source of the 
cultures or the methods used, or give data on number of successful inocula- 
tions or illustrations of induced infections. Because of the lack of definite 
information concerning inoculations and the production of infection and 
cankers, it was considered advisable in the course of general Avork on control 
of the Strumella canker disease to inoculate young oak trees with the fungus, 
w*ieh had been consistently isolated from Strumella cankers, in an attempt 
to establish infection and produce typical cankers. 


INOCULATIONS 

TM inoculations herein reported were made in the fall of 1934 in the 
Logan State Forest in the vicinity of State College, Pa., and the following 
year in Connecticut. Saplings of the following species Avere inoculated: 
White oak (Qnercus alhaL,)^ chestnut oak (Q. montoa Willd.), red oak 
(Q. horealis var. maxima (Marsh.) Ashe), scarlet oak {Q. coccmm Muench.), 
and black oak (Q. veUitina Lam.) . The trees inoculated ranged from domi- 
nant to suppressed types. Most of the inoculations Avere made with cultures 
■’mt had been isolated from typical Strumella cankers from different oaks 
ble 1), but a few were made with masses of spores from freshly collected 
ting bodies of Strumella coryneoidea found on dead oak branches, 
juive branches ^ to 3 inches in size Avere inoculated. Some branches Avere 
girdled a month before they were inoculated and some were girdled when 
inoculated. Inoculations were made either above or below the girdle and 
in some cases both above and below. The purpose of the girdle was tn 
weaken, but not kill, the branch. It was thought that a branch thus 
weakened by girdling might provide conditions favorable for the establishr 
ment of infection and subsequent canker formation. Also, inoculations were 
made on ungirdled branches and trunks of very small trees. The inocula- 
tions per tree ranged from 3 to 6. The inoculum, other than spores from 
fruiting bodies, consisted of autoclaved rice on which the fungus had grown. 


1 formerly Assistant Plant Patliologists, Civilian Conservation Corps, Bivision of 
Forest Pathology, Bureau of Plant Industry, Soils, and Agrieultural Engineering, Agri- 
cultural Research Administration, United States Department of Agriculture j now, respec- 
tively, Associate Pathologist, Guayule Emergency Rubber Project, and Senior Plant 
Pathologist, Office of S’oreign Agrieultural Relations, 

2 Heald, F. B,, and R. A. Studhalter. The Strumella disease of oak and chestnut 
trees. Pa. Dept. Forestry Bull. 10. 1914. 

3 Bidwell, G. B., and W, C. Bramble. The Strumella disease in southern Oonneetieut, 
Jour. Forestry 32: 15-23. 1934. 
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The technique of inoculation was similar to that described by Hahn and 
Ayresd The area around the point to be inoculated was carefully washed 
with 95 per cent alcohol. A small short-handled chisel, sterilized by dipping 
in alcohol and flaming, was used to make an incision, approximately 1 inch 
in length, parallel to the long axis of the trunk or branch and just through 
the bark. The bark was raised slightly on one side of the slit by pushing 
the tip of the chisel under the bark and giving a slight pry on the handle 
of the chisel. In the opening thus made a small quantity of rice inoculum 
was placed. In a few eases where masses of spores were used the inocula- 
tion procedure was essentially the same. A small pad of sterilized cotton 
was placed over the inoculated wound and bound firmly in place by a cotton 

TABLE 1. — l&eisolatioTis from Strumella inoculations made at Sand Spring, Logan 
State Forest, Tennsylmnia^ 


Oaks inoculated and number of inoculations yielding 
Source of Strumella when cultured 

cultures ' ^ ^ — ^ 

White oak Chestnut oak Black oak Bed oak 


4-b — b 4- — 4- — 4- — 

White oak 2 0 2 0 2 0 I 0 

White oakc 2 2 1 1 10 1 0 

Chestnut oak 3 0 2 0 1 0 1 0 

Scarlet oak 5 1 1 1 1 0 1 0 

Black oak 2 1 1 1 10 10 

Total 14 4 7 3 6 0 5 0 


a The Strumella fungus was recovered in all cases .in invaded tissue beyond the point 
of inoculation, All inoculations made with sterile rice inoculum gave negative results. 

b 4- indicates infection indicates no inf ection. 

« This culture was from a pustule on a diffuse Strumella canker. The other cultures 
used were from cankered tissue of typical ‘‘ cat-faced cankers. 

string. In a few cases in whieli no cotton was used, the wound was wrapped 
with the eotton string. The tight binding forcibly brought the inoculum 
in contact with the ruptured bark tissues. Finally^ the wound was carefully 
wrapped with a 3- to 5-inch band of waxed paper or parchment paper, which 
was fastened at the top and bottom with commercial zinc oxide adhesive 
tape, or meehanie’s tarred tape. The top of the paper band was bound 
tightly to the branch or stem with tape. In most eases this made an effective 
waterproof seal. The wrappiiig protected the incisions from contaminations 
and prevented excessive drying of the ruptured and inoculated tissues. 
Cheeks were made in a similar manner, in which sterile rice was used for 
inoculum. 

' BESULTS 

A small number of inoculated branehes were removed at various inter- 
vals to determine whether the Strumella fungus had become established in 
the inoculated tissues and to note the progress of infection, if any. In May, 
193S, 6 months after inoculation, StfUMclla was recovered from 12 in- 

^ Halm, Glean Gardner, and Theodore T. Ayers. Failure of Lasyscypha willkommii 
and related larga-^ora siiecies to parasltijse Bougies dr. Phytopath, 28: 50-57, 1938. 
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oculated branehes ont of 14 removed for examination and culturing. Tlie 
checks were negative. The fungus had established itself in the wounded 
tissue and had advanced a slight distance into the uninjured live tissue 
adjacent to the incision (Fig. 1, A). These results indicate that the fungus 
was able to spread to some extent during the winter. 


INOCOLAiriON POINTS - 


JCy POINTS FROM WHIGS 
STRUMEUA WAS EEISOLATKD 


BLACE OAK 

INOOOXAISD KOVEUBER 6, 1954 
HKUOVED IX)R REISOIATICN MAY 8, 1935 


rOINT Of 









PS! POINTS FROM WHICH STROMEm 
WAS REISOLATED 


WHITE OAK 

INOCOLATED OCTOBER 30, 1934 
REMOVED FOR REISOLATION MAY 13, 1937 


Fig. 1. Development of Strumella cankers on inoculated oaks. (A) Sketch of a 
girdled black oak branch 6 months after it had been inoculated (shaded portion indicates 
dead area). (B) Sketch of a white oak branch 2| years after it had been inoculated. 
The fungus has progressed down the inoculated branch into the trunk. Strumella canker 
development 3 years after inoculation, (0) on chestnut oak and (D) on white oak. 

A little over a year after the inoculations were made, December, 1935, 
a few more inoculated branehes were removed. Strumella was recovered 
in 9 cases out of 11 inoculations made from Strumella cultures. The fungus 
was recovered at considerably greater distaiiees from the point of inoculation 
than from those examined in May. Whether the fungus progressed at a uni- 
form rate in the uninjured tissues during the 7-month interval, or made 
rapid progress after cessation of tree growth in late summer is not known. 
In a number of cases the fungus had killed the inoculated branch by 
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girdling. As might be expected, the longitudinal advance of the fungus 
was much greater than its circuinferential progress. 

To cheek on the inoculations made with Strumella spores from sporo- 
(loeliia on small dead oak branches 8 inoculated branches were removed in 
December, 1935. In only one instance Strumella isolated from the tissue 
adjacent to the inoculated incision. This may have been a chance infection 
from some other source. However, if a sufacient number of successful 
inoculations could be secured by this method it would establish definitely 
that the spores thus produced in nature do germinate and are a potential 
source of inoculum for natural infections. Successful germination of 
Strumella spores has not been reported to the writers’ knowledge. 

By May, 1937, many of the inoculated branches were showing definite 
indications of canker formation. In some cases, two definite somewhat con- 
centric callus rings had developed around the point of inoculation. At this 
time 8 inoculated branches were removed, 5 of which yielded Strumella. 
The fungus had killed the inoculated branch in most instances and had pro- 
gressed down the branch and invaded the trunk in some cases (Pig. 1, B). 
Two small trunk cankers resulting from branch inoculations are shown in 
figure 1, C and D. It seems most likely that natural trunk cankers develop 
in a similar manner, in which infection enters the trunk from a small branch 
killed by the invading fungus. This would aecoimt for the occurrence of a 
dead branch stub in the center of the canker, which tends to develop in an 
ellipsoidal fashion. 

Late in October, 1937, six inoenlated branches with definite canker for- 
mation were removed. All 6 cankers yielded Strumella in culture. 

Eesults similar to those secured in Pennsylvania were obtained from 
inoculations that were made in a plot in Connecticut in October, 1935. 
Three scarlet oak and three red oak branches that had been inoculated with 
Strumella and that had typical lesions were removed from the Connecticut 
plot in June, 1937. All 6 inoeulated branches yielded the fungus upon 
culturing. . 

Successful cross inoculations were made on both girdled and ungirdled 
branches among a few oak species (Table 1) in the Pennsylvania plot. There 
was no indication that an isolate from one oak species was more virulent than 
any other. Unfortunately, observations could not be continued for a suffi- 
cient length of time to secure conclusive data on this point. However, the 
results do indicate that the fungus is not a highly specialized parasite. 

SUMMARY 

Successful inoculations iind initial canker development were secured on 
various oaks with a fungus, identified as Strumella cor y neoidea ^ which had 
been isolated from typical Strumella cankers. 
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PACTOES AFFECTING THE SAPE06ENIC ACTIVITIES OP THE 
DUTCH ELM DISEASE PATHOGEN 

L. J. Ttlee anb K. G. Paekes 
(Accepted for publication April 2, 1945) 

The Dnteli elm disease fungus {Ceratostomella ulmi (Schwarz) Buisman) 
lives as a saprogen for a considerable part of its normal life cycle. During 
this phase the organism is subject to the influence of a number of environ- 
mental factors that may greatly affect its existence. Information about the 
effects of different factors is rather scarce in the literature and so the purpose 
of this paper is to help elucidate the effects of temperature and moisture on 
the saprogenic growth and survivability of C. ^dnii 

LITERATURE REVIEW 

Ledeboer (4) reported that CGratostomella ^llnli grew fairly well on arti- 
ficial media at 8.5° C. ; the optimum temperature was 25° C. and the maxi- 
mum about 34° C. May (5) found that, for growth on the media used, the 
minimum temperature was between 5° and 9° C., the optimum between 22° 
and 27° C., and the maximum about 36° C. Pie stated, further, that tem- 
peratures from 10° to 35° C. had no differential effect on the relative abun- 
dance of coremial fruiting structures produced by the fungus. 

True and Slowata (9) found that the Dutch elm disease pathogen sur- 
vived in naturally diseased cut elm wood at least 20 months under some field 
conditions. In their test, diseased wood fully or partly shaded from the 
sunlight all or part of the time maintained the organism in a living state 
longer than did that exposed to more or less constant sunlight and desic- 
cation. 

Buisman (2) reported that spores in dried masses withstood a 2-month 
drying period in Petri dishes at room temperature. Moses and Hoffman (6), 
exposed beetles (Scolytus muUistriahis) , surface-infested with spore masses, 
to a series of temperatures that ranged from - 10° P. (- 23.5° C.) to 70° P. 
(about 21° C.). The fungus survived about 3 months at 70° P. on 60 per 
cent of the beetles while after 2| years it was recovered from all the beetles 
that were exposed to -10° P. May (5) reported 51° C. as the thermal 
death point for spores in water and 57° C. for those exposed on dry glass 
rods. 

Tyler et al. (10) reported that high air humidity favored infection of 
small potted elms inoculated by introducing spores into wounds that were 
made by noninfested adults of Scolytus muliistriahis Marsh, 

METHODS AND MATERIALS 

Six cultural races ot Oeratostomella tdmi, all pathogenic to the American 
elm, were used as noted in the following studies. They originated as sector 
variants in mass isolates from diseased elms and the stock cultures were 
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.started from single spore.s. Distinct differences in cultural characters such 
as those noted by Walter (11) existed among the races. Some races pro- 
duced coremia abundantly when grown on nutrient agar and on elm wood, 
others produced none, while still others were intermediate in this character. 

The nutrient solution commonly used in spore germination tests consisted 
of a 0.9 per cent solution of maltose (technical grade) in distilled water ; 
it was sterilized by means of a suitable Berkefeld filter and usually tested 
about x)H 6.2. 

The artificial, nutrient medium used was potato-dextrose agar. It con- 
sisted of the extract obtained by boiling 390 grams of peeled Irish potatoes 
for 20 minutes in a quantity of distilled water, 20 grams of dextrose, and 
18 grams of shredded agar made up to one liter with distilled water. A 
quantity of this medium sufficient for a given experiment was prepared in 
one hatch and autoclaved for 20 minutes at 15 pounds pressure. The pH 
eonceiitration of the nutrient agar after autoclaving usually was about 5.8. 

Diseased elm wood used in some of the temperature and humidity experi- 
ments was obtained from 3- to 4-year-old potted elms that were artificially 
inoculated with chosen races of the pathogen. Before the disease had killed 
the trees, branches | to 1 inch in diameter were cut from them and wrapped 
in waxed paper then stored at 5° G. until needed. 


Temperature Studies 

Spores from coremia^ approximately 10 to 15 days old were suspended 
in the injiltose solution. Drops of the spore suspension were placed on 
sterile glass micro-slides in inverted glass moist chambers. The density of 
the spores in suspension was adjusted so that about 50 to 75 spores were 
present in the microscopic field as seen with the dry, high-power objective 
of a compound micToseope. Usually the spores were exposed to the desired 
temperature 10 to 13 hours before counts were made. 

Petri dishes containing the solidified nutrient agar were planted by 
transferring to each a 4-mm.-wide disc cut from a 4-day-old agar culture of 
Ceratostomella uhni Planted plates used in the temperature studies were 
exposed for 8 days and during this time they were kept within sealed glass 
ehambers to prevent excessive moisture changes in the medium. 

The effect of temperature on development of coremia on wood from dis- 
eased trees was studied by two culture methods. For one, discs of diseased 
elm wood about | inch in diameter by | inch thick were cut from stored 
material and placed on 1,5 per cent non-nutrient agar in Petri dishes. 
Triplicate plates containing the discs were placed in Stender chambers 
whose lids were sealed with vaseline. Such ehambers prevented excessive 
(lesieeation of the cultures held at the higher temperatures. For the other 
method, discs o£ wood similar to the above were i^laced on sterilized, flat 
cotton. lamp wicks that were drawn through f-inch-bore glass tubing. The 
tubing 'wm first cut in lengths such as would fit, when supported horizon- 
1 are termed coremioapoms in the paper. 
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tally, into a Stender chamber 5^ inches in diameter by 2|- inches deep. One 
end of the wick dipped into sterilized water in a wide-month bottle inclosed 
within the chamber, the other end extended almost to the opposite end of 
the tube which was loosely plugged with nonabsorbent cotton. The moist 
wicks kept the moisture content of the wood at the proper level. Before the 
fungus-invaded discs of wood were placed in the culture chambers the latter 
were sterilized by dry heat. After the wood discs w^ere placed wdthin, the 
chambers were sealed with vaseline and placed at the desired temperatures. 
The cultures were examined periodically by means of a binocular micro- 


JStimidity Studies 

To study the effect of air humidity on germination, eoremiospores were 
suspended in maltose solution. The spore suspension was sprayed on sur- 
face-sterilized glass micro-slides with an atomizer that was sterilized in boil- 
ing water. The sprayed slides were allowed to dry for aboxit 3 hours; 
afterward they were placed on racks in Stender chambers over a series of 
salt solutions each of w^hich exerted a different vapor pressure. Each cham- 
ber contained 4 slides, 2 with the dried spore suspension facing downward 
and 2 facing upward. All culture chambers in the series were sealed and 
exposed at 24° C. After exposures of 24 and 48 hours the slides were exam- 
ined with a compound microscope. 

The effect of air humidity on the germination of spores and on the growth 
of hyphae on elm -wood was studied. Discs of elm wood were cut from 
fungus-free wood, and from diseased wood. The fungus-free wood discs 
were sprayed -with eoremiospores suspended in sterile distilled water. Discs 
of both kinds were air-dried for 3 hours and some of each were placed in 
each of four desiccators. Humidity of the air in each desiccator was con- 
trolled by first passing it through a suitable salt solution and then through 
the desiccator. Salt solutions in the towers through which the air was 
passed were changed every 72 hours. The treatment was continued for 14 
days after which the discs were carefully examined. The absence of mycelia 
was considered as proof of the inability of the organism to grow under the 
conditions imposed. 

Survival Studies 

The effects of higher temperatures and of moisture on the survivability 
of Geratostomella ulmi were studied using discs of diseased elm w'ood like 
those described. By means of a simple irrigation device, wood discs in- 
closed in sealed Stender chambers were kept moist but not wet. In similar 
chambers, without the irrigation device, other wood discs were allowed to 
dry. At chosen intervals 5 moist and 5 dry discs were selected at random 
from chambers exposed at 30°, 33°, 36°, and 39° C. The discs were planted 
on nutrient agar immediately following their removaf from treatment cham- 
bers and growth of the fungus was later recorded. 

For a further test of the survivability of the fungus, branches 3 to 5 
inches in diameter were obtained from a naturally inoculated diseased elm 
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and these were cut into a number of 3-iiieh4ong sections without removing 
the bark. The exposed wood surfaces of about one-half the number of sec- 
tions were covered with paraffin to prevent excessive changes in water con- 
tent -those of the remaining sections were left unprotected. Seven lots were 
prepared and each was stored as shown in table 7. At intervals of two 
months a sample was taken from each lot. Tissue with fungus discoloration 
was dissected from each sample ; sonie of it was planted on acidified and some 
on nonacidified potato-dextrose agar and growth was later recorded. 

BESITLTS 

The data presented are representative results obtained by repeating each 
of the different experiments several times except for those obtained from the 
2-year survivability test which was not repeated. 

Effect of Temperature 

Spore germination. The eoremiospores of Ceratostomella ulmi germi- 
nated best at 27^ C. at this temperature the percentage of spores germinated 

TABLE of tempemture on the germination of eoremiospores of Ceratosto- 

mella ulmi 


Per cent germinated^ 

Kaee Temperature, ° G. 



3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

B 

0 

0 

0 

0 

Trb 

Tr 

75.6 

93.4 

97.0 

94.0 

Tr 

C 

0 

0 

0 

Tr 

Tr 

Tr 

73.6 

96.1 

98.6 

95.6 

Tr 


a After an incubation of 40 hours the cultures held at 18°, 15°, 12°, 9°, 6° and 3° C. 
were budding; budding was profuse at 18° and tapered off to a bare trace at 3° 0. 
trace. 

for each of two representative cultural races was respectively, 97.0 and 98.6. 
In general, spores germinated well from 21° to 30° C., inclusive, during 
13 hours. Very few spores germinated at 12°, 15°, 18°, and 33° C. At 
18° C. and lower temperatures the spores tended to bud in a yeast-like man- 
ner ; budding was profuse at 18° C, and scanty at 3° C. (Table 1) . 

The organiBm was rather capricious in regard to spore germination and 
at least three factors appeared partly responsible. First, probably because 
of inherent differences the sporm of some races germinated in greater num- 
bers than did those of others. Second, spores that were taken from 10- to 
15-day-old coremia usually germinated better than those from younger or 
older fruiting structures. Third, the nutrient medium was important be- 
cause spores germinated much better in a solution of technical grade maltose 
than they did in a solution of chemically pure maltose. Since pyridoxine 
(3| 7} 8) and certain minor elements^ appear to be essential to the growth 

data. Haat Pathologj. Cornell llmversity. Ithaca^ 
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of Ceratostomella ulmi it is possible that these or other similar growth-pro- 
moting substances existed in the technical grade maltose but were absent 
from the chemically pure sugar. 

Growth of mycelkmi. Vegetative growth of the fungus on potato-dex- 
trose agar was more rapid at 21^ C. than at any of the other temperatures 
(Pigs. 1 and 2). The temperature range favoring generally rapid growth 
on solid media extended from 21^^ to 30° C., inclusive, and it is recalled that 
these limits marked the range most favorable for spore germination. Growth 
occurred at about 3° and 33° C., but not atT° C. nor at 36° C. Decrease 



Fig. 1. The effect of temperature on the growth of Ceratostomella ulmi, cultural 
races A and on potato-dextrose c^gar. 

of the growth rate at temperatures above 30° C. was extremely abrupt while 
the depression was gradual from the optimum of 27° C. down to about 3° C. 

(Pig. 1). 

Colonies of the fungus grown at 12° C. or lower, and at 30° C. were dis- 
tinctly white in contrast to the pale greyish cream color of those grown at 
more favorable temperatures. Conidiophore development of the “Cephalo- 
sporium type” was pronounced at favorable temperatures but colonies 
grown at temperatures less favorable were mostly without aerial conidio- 
phores. The latter type of colony was composed of compact, irregular 
hyphae and many yeast-like cells. The fungus races used responded simi- 
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larly to temperature and each maintained its distinctive cultural characters 
at temperatures in the range that favored growth. 

Growth of coremia. The optimum temperature for development of 
eoremia on elm-Avood discs mounted on non-nutrient agar was about 24° C. 
(Table 2). In cultures examined after they had grown for 4 days coremia 
had developed in those of race C, from 21° to 30° C., but not in those of other 
races. In thirty days coremia formed in cultures of race C at all tempera- 
tures from 3° to 30° C., but not at 33° C. ; there were very few formed dur- 
ing this period at 6° C. and loAA»er. Races F and D failed to produce eoremia 
at any temperature tried and this result conforms with ail past observed 
behavior of these races in relation to the production of eoremia. 


TABLE 2, — Bjfect of iempemture on eoremial development hy three different races 
of Ceratostomella nlmi. Diseased wood mounted on non^nuirient agar 




Kelative abuudaneea of eoremia after 


Temp., 


4 days 



30 days 


°C. 


Race 



Race 



E 

a 

D 

pb 

C 

Bd 

3 

6 

- 


- 

- 

- + -« 

- 

9 

- 

-- 

“ 


++« 

- 

12 

^ - 

- 

- 


+ + + 

- 

15 


- 


- 

4- + + 

-■ 

18 

-- 

- 


- 

+ + + 

- 

21 


+ 

- 

- 

+ + + 

_ 

24 

-* 

++ 


- 

+ + + 


27 

- 


- 

- 

+ + + 

- 

30 

- , 

+ 

- 

_ 

+ + + 

- 

33 


— 

— 

“ 

— 



a Humber of coremia per wood section : - = none 1 to 5 ;-+= 6 to 10 ; + = 11 to 

20,* ++==21 to 30j more than 30, 

^ Mycelium present at all temperatures but Tery scanty at 3°, 6°^ 9° and 33° C. 
c Short eoremial fundaments, 

d Mycelium present at all temperatures except 33° 0. and very scanty at 3°^ 6°, 9° and 


Eesults essentially similar were obtained when discs of diseased elm wood 
were placed on moist cotton wicks (Table 3) In addition to race C, used in 
the first experiment, two other coremium-forming races, B and B, were used. 
Temperatures of 6^, 3®, and 1*^ C. appeared to inhibit the formation of 
eoremia by the t"wo latter races and in this respect they differed from race C 
which had the capacity to form eoremia even at 3^^ G. 

The temperature optimum for coremium development did not appear to 
be the same as that inducing the highest percentage spore germination and 
the most rapid mycelial growth (cf. Table 1, Fig. 1, and Table 2). Visual 
evidence of this for race B is in figure 2 ; the dark concentric rings in cul- 
tures held at 21^ and at 24^ C. were due to the presence of coremia. On 
potato-dextrose agar the eoremia formed best at 24*^ C,, fairly well at 21^ C., 
but they formed sparingly or not at all at the other temperatures during 
the 8-day exposure. 
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TABLE of temperature on eoremial developinent hy three different races 

of Ceratostomella ulmi. Diseased wood mounted on cotton wiclcs 

Eelative abundance^ of coremia after 


Temp., 


4 days 



20 days 


°C. 


Race 



Race 



B 

0 

E 

B 

C 

E 

1 

3 

6 

9 

12 

— 

- 

_ 


— 

- + 

15 

— 

_ 

- _ 

-+- 

- + 

+ 

18 

“ 

- 

- 

- + 

+ 

+ + 

21 

— 


- 

+ + 

+ 

+ + 

24 

+ 

— 

— H 

+ + 

+ + 

+ + 

27 

- + - 

- + -“ 


+ + 

+ + 

+ + + 

30 

+ 

- 

- 

+ + + 

+ + 

+ + + 

33 


~ 

— 



— 


a Number of coremia X)er wood section : none ; 1 to 5 ; = 6 to 10 ; + = 11 to 

20; ++=21 to 30; +++=:more tlian 30. 

After 80 days the lowest temperature at which coremia were formed by each of the 
difCerent races was: B, 12® 0.; 0, 3® G.; E, 9® 0. None of the races formed coremia at 
33® 0. but there was very scanty growth of mycelium. 

Effect of Htimidity 

8‘pore germination. Coremiospores of Ceratostomella ulmi germinated 
within 24 hours on glass slides at relative humidities of approximately 98 
and 100 per cent (Table 4). Those exposed at approximately 95, 93, 90, 
and 85 per cent relative humidity failed to germinate. At the end of 48 
hours spores that germinated at 98 and 100 per cent relative humidity 
respectively had formed long, vigorously branching hyphae. 

Mycelial growth and fruiting. The growth of Ceratostomella ulmi in 
and on elm wood was markedly influenced by air moisture (Table 5). In 


ulmi 


TABLE 4. — Effect of humidity on germination of coremiospores of Ceratostomella 


Percent 

relative 

humidity 



Degree of germination^ 




Slide surface 



Lower 

Upper 


Hours ^ « 

exposure 

Hours ^ 

exposure 


24 

48 

24 

48 

100 


' ■ + ■ 

+ + 

+ 

+ + 

98 


: + 

+ + 

+ 

+ + 

95b 



- 


- 

90 







a .}, 4, « excellent germination with long branching hyphao and numerous eonidia; 
:good germination with less branching and fewer eonidia; — = no germination. 
Negative results were obtained also at 85 and 93 per cent i^elative humidity* 
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general, growth of the fungus was good in an atmosphere Avhose relative 
humidity was about 98 per cent or higher, both on healthy elm wood planted 
with spores and in invaded or diseased wood. At 96 per cent relative 
humidity and lower the organism failed to develop on healthy elm wood 
planted with spores, but it did grow out from diseased wood. Goremia 
developed on diseased wood at 96 per cent relative humidity and higher but 
on elm wood planted with spores they did not develop at a relative humidity 
lower than 98 per cent. From these observations it appears that if the 
organism exists as hyphae in the wood it is far more likely to grow when 
moisture of the surrounding air is lowered than it is if in the form of 
scattered spores on the outer surfaces of wood. 

TABLE 5. — Effect of air humidity on the growth of Ceratostomella iilmi on elm 
ivood.. Exposed at room temperature. 




Tyjje and relative amount of growtli® 



relative 

Planted elm wood 

Diseased elm wood 



Coremia 

Conidia 

Myceiia 

Coremia Conidia 

Myceiia 

92 

- 

- 


— ' 

— + 

— h 

96 

- 

, - 


-+b 

+ + + 

+ 

98 

H-b 

+ + + 

■f 


+ + + 

4* + 

100 


+ + + 

+ 


+ + + 

+ + 

a Coremia 

and conidia: 

--none. 

Myceiia 

: - r none. 




b Small coremial heads. 
« Large coremial heads. 


--+ = ver.y few. 

+ = f©w. 

++ = many. 
+++=: numerous. 


-+ = very sparse. 

+ = fairly abundant. 
++ = abundant. 


Effect of Temperature and Moisture on Survival 

Temperature and moisture exerted a pronounced influence on the sur- 
vivability 'Of Ceratostomella idmi In small discs of diseased wood that 
were allowed to dry the fungus survived 8 and 6 days at 30° and 33° C., 
respectively, while in wood kept moist it was still alive at the end of 14 days 
(Table 6), In moist wood at these temperatures it is likely that the organ- 
ism would live much longer. At 36° and at 39° C., C, ulmi lived in wood 
kept moist for 8 and 4 days respectively, while in wood allowed to dry the 
survival periods were 4 and 3 days respectively. Thus moisture aided C. ulmi 
to survive in wood at higher temperatures, but this protective effect rapidly 
diminished with increase in temperature above 33° C. 

In another experiment coremiospores were suspended in sterile, distilled 
water and sprayed on hot-air-sterilized elm wood. The planted wood was 
placed in test tubes plugged with nonabsorbent cotton and capped with 
cellophane to prevent excessive accumulation of moisture in and on the wood. 
Some of the cultures were stored constantly at -10° 0.; others were held 
^constantly in a room whose temperature fluctuated between 12° and 20° C. 
At chosen intervals wood bearing spores was removed from the tubes, the 
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TABLE 6 . — Effect of temperature and moisture on the survival of CeratostnmeUa 
ulmi in small discs of diseased wood 


Days surviving in diseased wood^ 

Temp., 

®C. 



Moist 





Dry 


2 

3 

4 6 

8 10 

14 2 

3 

4 

6 8 10 14 

30 

+ 

+ 

-t + 

4- 4- 

+ 4- 

+ 

“4- 

-4- -+ - 

33 

+ 

4- . 

4- 4- 

— t- 4* 

4- , + 

-4- 

-4- 

-4- - - 

36 

■f 

+ ■ 

' — -t ' 4* 

’“,'4- , “~ 

- ■ 4- 

- + 

— {- 

- - 

39 

+, 


-4- ’ - 

, — _ 

4" 

-4- 




a + organism survived in all samples from given lot, 

~ + = organisni survived in part of samples from given lot. 
--no survival; indicates no test. 


spores were washed from the wood and suspended in maltose (1.5 per cent) 
solution that was acidified to prevent the growth of bacteria. Drops of the 
spore vsuspension were placed on glass slides mounted in moist chambers that 
were kept for 12 to 14 hours at 25° C. The viability of spores from each of 
the treatments rapidly declined. At the end of one month about 8 per cent 
of the spores from each treatment were germinable. After months about 
2 per cent of the spores exposed at - 10° C. vrere still viable, while those 
exposed at 12° to 20° C. failed to germinate at the end of 1^ months. About 
5 per cent of the spores taken from coremia that wure allowed to dry at the 
same temperatures retained their germinability for 4i to 5 months. 

In larger sections of wood cut from nafurally diseased elm, Ceratosto- 
mella ulmiBurvived as long as two yeai\s (for the duration of the test) under 
conditions that prevented rapid desiccation (Table 7). On the other hand, 
the fungus succumbed in about 6 months in wood that was allowed to dry 
rapidly in a shed that protected it from rain. Moderate freezing tempera- 

TABLB 7.— The effect of storage conditions on the survival of CeratostomeUa uhni 
in diseased native elm wood » 


Survival 

Storage treatment of wood sections period 

inmontlisa 

Nonparaffined 

Stored about 6 feet above the floor of a rain-proof tool shed in an open 
container 6 

Stored in an open container and exposed alternately for one week at a 

time to -10® C. and then 15° 0. 20 

Stored at - 3*^ G. in an open container '■ 24 

Farafined 

Stored outdoors about 6 feet above ground level in an open porous 

container 20 

Stored at - 10° C* in an open container 22 

BnrM in the mnd floor of an outdoor screen-covered cage to a depth 

of i the diameter of the sections ■■ 24' 

Stored In an open eontalner and exposed alternately for one week at a 
time to -10° 0. and than 15° 0, . 24 


* f M test coEttoed for 24 months* 
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tures such as those that prevail at times during the winter in the New York 
City area did not appear to significantly shorten the survival period of the 
fungus. In fact, constant storage of diseased wood at temperatures of ~ 3°, 
and - 10^ C. apparently helped to conserve the moisture in the wood neces- 
sary for the fungus. 

Alternate freezing and thawing alone did not appear to have a pro- 
nounced deleterious efiect on the organism. Under such conditions the 
organism lived longer in paraffined wood than it did in nonparaffined wood 
presumably because moisture was conserved in the former. 

Competing organisms did not appear to materially affect the survival of 
Ceratostomella ulnii In fact, it survived the 2-year period in wood that was 
partially buried in sand outdoors and this treatment was much more con- 
ducive to the development of competitive saprogens than any of the other 
treatments. 

DISCUSSION 

Ceratostomella ulmi grows best at moderately high temperatures. Despite 
this fact its growth activities are markedly slowed by temperatures above 
30° G. and they practically cease at 33° C. or slightly above. While growth 
is possible over a rather wide range of temperature the organism is best 
adapted to that from 18° to 30° C. and this adaptation seems admirably 
suited to the saprogenic growth of the fungus in the areas of the United 
States where it prevails as a pathogen. 

At temperatures below the range most favorable for mycelial growth, the 
organism can increase by budding. This phenomenon might help to in- 
tensify the Dutch elm disease in at least three w^ays : through an increase in 
the amount of inoculum at the source j through an increase of inoculum at 
the infection court; and through increased numbers of spores within the 
xylem vessels where they move freely to bring about rapid invasion of the 
tree (1,5). 

Moisture is a primary factor that may limit the saprogenic activities of 
Ceratostomella iihnL Low air and substrate moisture may not only inhibit 
germination of spores but it may also suppress the growth of hyphae and the 
production of fruiting structures. Since the organism depends largely, for 
its continued existence and distribution, on the inoculum developed in pupal 
cells made by its principal insect vectors the suppression of this growth 
activity may well be critical. The degree to which the moisture factor is 
felt by the organism depends greatly upon its location and state of associ- 
ation with elm material. For example, in the form of spores and/or hyphae 
on the outer surfaces of elm wood the organism is unable to grow if the rela- 
tive humidity of the surrounding air is less than 98 per cent. However, it 
can grow out from wood in which it became established in the form of hyphae 
during the disease process even if such material is kept in an atmosphere 
whose relative humidity is as low as 92 per cent. Thus, it appears that the 
latter more vital type of association enables the organism to obtain some 
water from the surrounding wood even when the diseased wood is exposed 
in relatively dry air. 
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Onee the Diitelielm disease fungus becomes established in elm wood it is 
capable of persisting as a saprogen for rather extended periods under a 
variety of conditions. From the disease control viewpoint this is nnfortu- 
nate because it means that dead, dying, and decadent elm material of all sorts 
tliat has not been debarked may constitute a source of inoculum. However, 
the inability of the organism to withstand rapid and prolonged drying, even 
when embedded in wood, is a cliaraeteristic that renders it vulnerable. Per- 
haps more concerted effort to make use of this fact in connection with sani- 
tation work would be a forward step toward more satisfactory control of the 
Butch elm disease, 

SITMMAEY 

Tile optimum temperature for the germination of eoremiospores of 2 cul- 
tural races of iilmi mm about 27^ C. At 18° C, and lower 

the spore>s tended to bud. Other factors such as racial differences, age of 
spores, and nutrition affected spore germination. 

The temperature range generally favorable for growth of the mycelium 
on potato-dextrose agar was 21° to 30° C. For the cultural races studied, 
the minimum temperature for growth lay between 1° and about 3° C., the 
optimum temperature was about 27° C,, and the niaxinium was between 33° 
and 36° C. 

The optimnm temperature for development of eoremia was about 24° 0. 
Some cultural races formed eoremia on elm wood at temperatures that 
ranged from 3° to 30° C., others did not foimi them below 9° C., while two 
races did not produce eoremia at any temperature tried. 

Coremiospores of Ceratostomella nlmi germinated 'well on glass micro- 
slides and on elm 'wood at relative humidities of 98 per cent and higher ; they 
did not germinate at 96 per cent and lower. 

Vitally established in the form of mycelium and spores in diseased elm 
wood the organism grew out over the surface at relative air humidities of 
92 per cent and higher. Growth was very sparse at 92 per cent, fair at 96 
per cent, and abundant at 98 and 100 per cent relative humidity. 

Ceratostomella ulmi lived at least 2 years in diseased elm wood that was 
protected from rapid loss of water and from abnormally high temperatures. 
Conditions that induced and permitted rapid loss of water from diseased 
wood were generally unfavorable for the survival of the pathogen in such 
material. 

Department of Pioaht Pathology, 

Cornell University, 

, Ithaca, New Yori:. 
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ANTHKACNOSE RESISTANCE IN FLAX’^ 

C H A R li E S E A y , J R . 2 

(Accepted for publication April 10, 1945) 

Anthraeiiose of flax, caused by Golleioiriclmm Uni (1, 3, 4, 5, 6, 7), is 
distributed throughout the flax-growing regions of the world. The disease 
first caused an appreeiable loss in California flax in the season of 1940-1941 
(5, 6). Houston (6) has estimated losses as high as 35 per cent in some 
fields during that season. Although recent losses haye not been as marked, 
the organism is still present and could, when the season is favorable, again 
become destructive, especially since the flax variety still predominant in 
California, Punjab, is very susceptible to attack. In the North Central 
States, although flax anthracnose has acted as a seedling blight and canker 
and has considerably damaged developing plants in local areas in Minne- 
sota, it has not been regarded as being especially serious (3). 

Little has been published concerning the reaction of current flax varieties 
to The susceptibility of Punjab and the partial resistance 

of Argentine (C.I. 463) have been known for several years.' More recently 
Houston reported (6) that Bio (C.I. 280) and the plant introductions C.I. 
1008 and C.I. 1009 also have partial resistance. He reported that C.I. 1008 
and G.L 1009 carry a very high degree of resistance. 

This paper records the anthracnose reactions of a number of flax varieties. 

materials and methods 

The inoculations were on plants grown in 5-ineh pots in the greenhouse 
from November, 1943, to March, 1944. Supplementary tests have been made 
from November, 1944, to February, 1945 The seed were planted in steam- 
sterilized Toxaway silt loam. The seedlings w^ere thinned to 15 per pot. 
duplicate pots were tested when the seedlings were 5-8 inches tall. 

The culture of Collet oirichum Uni was furnished by Dr. B. B. Houston, 
to whom we extend our thanks. The culture has been increased on potato- 
dextrose agar. 

Vigorously growing cultures of the fungus, about 10 days old, w^ere used 
as a source of spores; and enough spores were seraped from the agar slants 
into distilled water to make the water turbid. The stems and leaves of the 
seedlings were sprayed (4, 7) by means of a small atomizer. A small air 
pump connected to tbe atomizer aids in securing a heavy, uniform inocu- 
lation. The suBCeptible Punjab variety of flax was included in each group 
of inoeulated plants m a check upon the effectiveness of inoculum. After 
inoculation, the seedlings were immediately placed in a moist chamber and 

I OontJ-hmtlori from tlm PUiut Res^earcih Bepurtment, California Central Fibre Corn., 
Pifgab Foreit, N, C. 

■ 2<lsaitteiiL 

3 Junior Plant Pathologist in the Experiment Btatioii, University of California, 
■ Collage of Agriculture. 
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left for about 48 hours (Fig. 1) after which they were returned to the bench 
in a moist greenhouse. Observations were made 12-15 days after spraying 
at which time the symptoms were usually well developed. 


Fig. 1. Flax seedlings 5-8 inches tall are si)Tayed with a water suspension of spores 
of CoUetotrichum Uni. A small air pump aids in securing a heavy, uniform inoculation. 
After spraying, the inoculated seedlings are kept for about 48 hours under a cloth^covered 
frame which is kei^t moist. 


RESULTS 

The anthracnose on inoculated varieties ranged from severe infection of 
hypocotyls, stems, and leaves with much plant killing to very few small 
lesions on but few of the leaves (Fig. 2). No variety yet examined is re- 
garded as being completely immune. For convenience, the varieties were 
placed ill one of four groups according to the degree of infection : Group 1 — 
those with few, small leaf lesions but with no stem lesions and no plant kill- 
ing (Pig. 2, D) ; Group II— those with a moderate number of somewhat 
larger leaf lesions and with some but not extreme leaf killing and with no 
stem lesions (Pig. 2, C) ; Group III— severe leaf infection with many leaves 
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attacked and large, rapidly spreading lesions causing much leaf killing. 
Stem lesions were present in varying amount (Fig. 2, B). Group IV— those 
with severe leaf and stem lesions. The stem lesions usually girdled the stem 
and killed the plant (Fig, 2, A). 


Table 1 summarizes the results of the inoculations with Colletotrichmn. 
The samples tested have been assigned to one of the four groups. 



Fio. 2, Punjab, Bleuda, Argentine 463, and Linota flax 14 days after inoculation 
mth CoUemriGhurnlinL A, Very susceptible (Group IV), B. Susceptible (Group III), 
C. Moderately resistant (Group II). B, Besistant (Group I). 


niBCUSSION 

Table 1 records the amount of injury observed after spraying seedlings 
with a water suspension of spores of Oolletotrichuni Uni and demonstrates 
that in these seedling tests the varieties differed in the amount of disease 
appearing. The results have been used to classify the varieties tentatively 
as resistant or suseeptible as follows; Group I— resistant; Group II— moder- 
ately resistant ; Group III— susceptible • Group IV — ^very suseeptible. 

It is believed that this clasBification according to resistance should not 
be too rigidly applied, especially for the intermediate classes. There are 
several reasons for caution. Primarily, our information on environmental 
effects is meager. Little precise information is available concerning the 
effect ot soil or air temperature, moisture, light, or soil amendments on the 
viruleuce of the disease. Further, it is not recorded to what extent physio- 
logical races of the organism exist. The classification of some varieties is 
difficult, especially when considering the amount of leaf spotting. Different 
varieties grade from very susceptible to very resistant. 

Greenhouse dfeeaae studies usually provoke the question of the appliea- 
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TABLE 1 . — Amount of anthraonose injury 1$~1S days after spraying flax seedlings 
with d water suspension of spores of Collet otrichum Uni 


Variety 

CXaNo. 

P.R.b No. 

Class reaction^ 

Argentine 

472 

71-1 

I 

do 

472 

71-2 

I 

do 

462 

72-2 

I 

Buda 

326 

131-1 

I 

Buda 80 

873 

132-1 

I 

Crystal 

982 

22-1 

I 

do 

982 

22-2 

I 

Golden x Rio 

980 

30-3 

I 

Linota 

244 

82-1 

I 

Malabrigo 

696 

104-1 

I 

do 

696 

104-3 

I 

N. B. 40046 

492 

84-1 

I 

Portuguese Sel 

1021 

198 

I 

Rio ;. 

280 

14-1 

I 

unnamed 

1008 

718-1 

I 

do 

1009 

719-1 

I 

do 

1009 

719-2 

I 

Bison 

389 

3-1 

I-IId 

Argentine 

........... 463 

73-2 

II 

do 

463 

73-4 

II 

do 

463 

73-22 

II 

Goar Sel. No. 5 

1112 

750-1 

II 

Cascade 


794 

II 

Blenda Line 


367-21 

II-III'J 

Common Pink 

479 

777 

II-III^ 

Fleischinan 


445-21 

II-III<i 

Giza 

378 

83-2 

II-III^ 

Abyssinian 

36 

68-21 

III 

do 

300 

69 

III 

Ac. 179 


793 

III 

Blenda Line 


367-1 

III 

do 


367-2 

III 

do 


367-3 

III 

B. Golden Sel 

976 

33-2 

III 

do 

976 

33-4 

III 

do 

977 

34-1 

III 

do 

977 

34-2 

III 

Cirrus 

727 

411-1 

III 

Hercules 


332-4 

III 

do 


332-21 

III 

J. W. S. 

800 

146-1 

III 

J.W.S.x Bison 

1043 

29-1 

III 

Liral 12 


487-1 

III 

Martin 

1062 

333-31 

III 

Morocco 

376 

124-1 

III 

Newland 

188 

138-1 

III 

Pinnacle 

693 

190-2 

III 

do 

693 

190-4 

III 

Redwing 

320 

12-1 

III 

Royal 

828 

16 

III 

Russian fiber 


478-4 

III 

Talmune 

687--1 

41-1 

III 

do 

687--1 

41-21 

III 

Texala 


485-4 

III 

Victory 

1045 

2-1 

III 

do 

1045 

' 2-2 

III 

do 

1045 

' 2-3 

III 

Viking 

981 

10 

m 

No. 98701 


790 

III 

No. 99407 


795 

III 
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TABLK l,—(Conthiued) 


Variety 

C.I.a No. 

P.E.iJ No. 

Class reaetionc 

Black Mountain 


88 

Ill-IVd 

IX. Golden Sel. 

970 

33-1 

Ill-IVd 

Stamm 8 

1074 

355-1 

Ill-IVci 

Abyssinian 

30 

68-1 

IV 

do 

302 

70-1 

IV 

Albidum Type 12 


59 

IV 

Bold 

802 

54 

IV 

Bridgemolian Ganj 

793 

66 

IV 

Bnxar 

797 

64 

IV 

Concurrent 


330-2 

IV 

do 


330-21 

IV 

Dutch Hybrid 


376-1 

IV 

Giza 

378 

83-11 

IV 

Gossamer 


371-4 

IV 

Hoshangabad 

4.0 

126 

IV 

Indian Type 2 


61 

IV 

do 4 


60 

IV 

do Sel. 6 ....... 


58 

IV 

do 121 


143 

IV 

I small pur 

790 

57 

IV 

Pinnacle 

693 

190-22 

IV 

Punjab 

20 

48-1 

IV 

do 

20 

49-2 

IV 

do 

20 

49-7 

IV 

Eafigang 

798 

56 

IV 

Sitainariii 

792 

67 

IV 

Stamm 8 ! 

1074 

322-1 

IV 

Talraiine ^ 

687-1 

41-2 

IV 


a CM. refers to aeeessitm iiiniiber of the Division of Cereal Crops and Diseases, XJ. H, 
Dept. Agr. 

b p,g. refers to aceession number of the Plant Research Department, California Cen- 
tral Fibre Corp, Kumbers following dash indicate selected strains. 

« Eefers to Group number described in text and ilhistrated in tigure 2. 

Somewhat intermediate between the two groups. 

bility of the indoor observation to field conditions. There are, however, 
numerous instances in small grain work where the agreement between field 
and greenhouse disease observation is close. There are only a few recorded 
observations of the field reaction of flax to Collet otrichum Uni which can he 
compared to greenhouse studies. The high susceptibility of Punjab flax to 
CoUetotrichum in the field in California is well known and conforms to our 
greenhouse observation. A number of Indian types of flax were badly 
injured by CoUetotrichum in our experimental field plots in 1942; these 
types were very susceptible in our greenhouse tests. Plor (2) records some 
observations on CoUetotrichum in the field during 1944. He recorded the 
presence of leaf lesions, apparently caused by CoUetotrichum Uni, on Crystal 
flax near Morris, Minn., but stated that the anthraeuose vras not in epidemic 
form, and that it was not clear whether the poor stands were due to frost, 
weak germination, or seedling blight. Our greenhouse tests showed Crystal 
to have but few small leaf lesions after inoculation with CoUetotrichum. 
Plor also records somewhat more abundant lesions of C. Uni on Royal flax 
at Morris, Mian., and in a field of Victory near Grafton, North Dakota. 
Our greenhouse results rate both Royal flax and Victory flax as somewhat 
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more susceptible than Crystal. The greenhouse reaction of flax to C. Uni 
is thus not inconsistent with the few field observations at hand. More data, 
however, are desired to throw more light on this question of field vs. green- 
house observations. 

Nevertheless, the observations recorded in table 1 demonstrate that there 
are marked genetic differences between flax varieties in the amount of resis- 
tance to Collet otrichum Uni. During the tests, Punjab flax seedlings were 
nearly always included as a cheek upon the severity of the inoculation. 
Under the conditions of these tests, the inoculation was always heavy enough 
to kill the Punjab seedlings. 

Several generalizations are drawn from the data presented. None of the 
Indian varieties tested — Albidum, Bold, Bridgemohan Ganj, Buxar, Ho- 
shangabad, Indian Types 2, 4, 6 , 121, Ismailpur, Punjab, Eafigang, and 
Sitimarhi — ^have had any resistance to Collet otricJmni. Various samples of 
Punjab have been tested repeatedly as cheeks, yet none has had any resistant 
plants. This would indicate that so far as anthracnose resistance is con- 
cerned no profit can be derived from individual plant selections of Punjab 
and, if a Punjab type is best in the California area, then the most likely 
approach would be through use of hybridization. 

The Argentine group of flax varieties current among breeders in the 
United States carry some resistance to anthracnose. 

As a group, the fiber flax varieties included in our tests seem to have 
little anthracnose resistance, though a few were classified in the moderately 
resistant Group II. None were classified as Gi’oup I. This result is contrary 
to the rejoort of Hiura (4) who came to the conclusion that the broad-leaved 
varieties of seed flax are very susceptible to anthracnose, while the narrow- 
leaved varieties of fiber flax are comparatively resistant. 

The existence of varieties carrying resistance to anthracnose — even under 
our extreme tests — ‘encourages the conclusion that improved varieties can 
be obtained by hybridization. The large-seeded Argentine types, the taller 
seed varieties such as Linota, Bison, and Buda, the unnamed introductions 
C.I. 1008 and C.1. 1009, and others furnish a range of types of initial breed- 
ing material. Our results in breeding, to be published in a later paper, indi- 
cate that resistance is not too difficult to transfer. The results in general 
confirm the grouping in table 1. CrOvSses of the susceptible Punjab with 
the more resistant varieties, Argentine 462, Argentine 463, Argentine 472, 
Bio, Buda 80, Bison, Malabrigo, Linota, G.I, 1008, and C.I. 1009, segregated 
for resistance and susceptibility in the Fy; resistant and susceptible lines 
have been found in the P 3 . Crosses of the moderately rewsistant Argentine 
463 with susceptible Gossamer, Pinnacle, Martin, Talmime, and Cirrus also 
segregated in the P 2 . Crosses of Punjab with susceptible Dutch Hybrid, 
Pinnacle, Cirrus, and Abyssinian gave a completely susceptible F^. Crosses 
of resistant Argentine with resistant C.I. 1008 and CJ. 1009 did not throw 
any susceptible plants in the Pg, C.I. 1008, G.I. 1009, Linota, and Buda 80 
appeared especially good in the variety tests for anthraenose resistance and 
have given good segregates in hybrids. 
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summary 

Tlie method used for testing seedlings of flax with Collet otriclmm Uni 
is described and the varieties are classified according to the amount of injury 
following inoculation. A range of types carrying aiithracnose resistance is 
available for breeding material. C.I. 1008, C.I. 1009, Linota, and Buda 80 
were especially free from antliraenose. Punjab in repeated tests has never 
had any resi>stant plants. Argentine types carry various degrees of resis- 
tance. 

Plant Eesearch Department, 

California Central Fibre Corporation, 

Pisgah Forest, North Carolina. 
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A GRAFT-TRANSMISSIBLE VIRUS OF SWEET POTATO 
S. P. PooLiTTLEi x\xd L. L. Harters 
(A ccepted for x>RNicatioii April 15, 1945) 




AVliile examining sweet-potato plots at Beltsville, McL, during the sum- 
mer of 1942, a plant was found wdth symptoms indicating a virus infection. 
This plant was one of a variety designated as No, 029878 that had been 
propagated from roots received from Leningrad, U.S.S.R., in 1934. No 
other plants of this variety showed any evidence of the disease in 1942 and 
none had been noted in previous years. An examination of the remainder 
of the planting failed to show any evidence of similar infection in the many 
other varieties included in the trials. Cuttings were made from the sup- 
posedly mosaic plant and were rooted in the greenhouse, where a stock has 
since been vegetatively propagated for observation and experimental use. 


SYMPTOMS 

The symptoms on the original plant were typical of those associated with 
viruses of the mosaic {Marnior) group. These same symptoms have ap- 
peared consistently in artificially infected plants during two years ^ observa- 
tions in the greenhouse. In many plants the primary symptom is a pro- 
nounced yellowing along the veins of the younger leaves. This yellowing 
may outline many of the very small veins in a manner suggestive of frost 
patterns on a window pane (Fig. 1, A), or may affect only certain sections 
of the veins as shown in figure 1, B. On other plants, the first symptom 
may consist only of small, diffuse, yellow spots from 1 to 2 mm, in diameter 
(Fig. 1, C). These spots, however, frequently occur together with some 
vein-clearing of the type mentioned. Symptoms of both types also are 
found on leaves produced after the plant has been infected for some time. 

In later stages of the disease, the yellowing of the veins is often followed 
by the development of pale green areas that may occur as comparatively 
small spots or may be so large as to include one-third to one-half of the leaf 
(Fig. 1, D). In such leaves the dai’ker portions often are abnormally dark 
green and may show small, feathery areas of yellow along the veins. The 
leaves are sometimes slightly rugose and dwarfed but not much distorted. 
Infected plants commonly have shortened internodes, and there is a definite 
stunting of the plant in late stages of the disease (Pig, 2). No necrotic 
symptoms have ever been noted on leaves, stems, or roots. The fleshy roots 
are smaller than those of healthy plants but infected plants in the green- 
house alwmys produce a fair number of medium-size storage roots. 

When mosaic plants grow slowly, the leaf symptoms are likely to be less 
pronounced than in rapidly growing plants. When growth is slow, there 

1 Senior Pathologist, Division of Prnit and Yegetable Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Besearch Administra- 
tion, IT. S. Department of Agriculture. 

2 Formerly Senior Pathologist in the same division. 
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usually are some leaves witli only faint evidence of the disease but there is 
no general masking or extreme mildness of symptoms in the leaA^es of such 
plants. AVhen plants are grown in the greenhouse at summer temperatures 
ranging from 75° to 105° P., the mottling is fairly pronounced. Tempera- 
tures as low as 60° to 65° P. do not suppress mosaic symptoms in the new 
growth. 

The occurrence of mosaic symptoms on sweet-potato plants has been re- 
ported by various observers, chiefly in the Southern States. In many of 
these reports the symptoms were not described and, in all instances where 
descriptions are given, the symptoms of the disease appear to have been 
quite different from those produced by the virus with which we have been 
working. 


Rosen (5, 6) reported a mosaic disease of sweet potato in Ai-kansas that 
appeared to be confined to the variety Nancy Hall. The leaves of diseased 



Pig* 2. Nancy Hall sweet-potato plant (at right) showing stunting characteristic 
of late stages of mosaic infection. Inoculated by root-plug method. Healthy control 
(at left) grown from uninoculated half of same root. 


plants commonly showed a marked narrowing of the blades and an irregu- 
larity of the margins, accompanied by a pronounced puckering of the leaf. 
The affected leaves also showed a mottling consisting either of very small, 
light-colored dots, streaks, and blotches generally distributed over the leaf, 
or of larger, irregular blotches of light green oeeiirring between areas of 
normal color. The leaf symptoms of these plants, as shown in the colored 
plate and text figures of the two papers, are unlike the symptoms of the 
disease we have studied at Bel tsvilie. Eosen x'eported (6) that the viinxs 
found in Arkansas was transmissible by rubbing the leaves with extracted 
juice of mosaic plants and by injecting the mosaic juices into the stem. No 
evidence of infection was obtained, how’^ever, except in a few instances where 
the inoculated plants were kept in eontinuons growth for 12 to 13 months. 
The plants were inoculated in the field during the spring and carried over 
winter in the greenhouse by means of cuttings that were again set in the field 
during the following spring. When the fleshy I’oots of inoculated plants 
were used for propagation, after storage during the winter, no evidence of 
the disease occurred during as many as three siiecessive seasons. Stem 
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grafts and eoiitact of cut surfaces of diseased and liealtliy roots did not 

produce infection in healthy plants. 

Weber (7) described a mosaic disease, in Florida, that caused a stunting 
and rosettedike appearance of the affected plants. The larger veins of the 
leaves were wide and flattened in a way suggestive of fasciation. The leaf 
blades were narrow and filiform, with pouch-like protuberances between the 
veins and a crinkling of the leaf margins. There was little evident mottling 
of the leaves, but in other respects the symptoms appear to have been much 
like those deseribed by Eosen although of a more severe type. No attempts 
were made to infect healthy plants by grafting but mechanical inoculations 
with the expressed juice of diseased vines were not successful. In a later 
paper (8) Weber and West reported what they considered to be a second 
type of mosaic on sweet potato but made no mention of any attempts to trans- 
mit a virus from diseased to healthy plants. The symptoms of this second 
disease included a yellowing of the veins which, in some respects, was not 
unlike that caused by the virus -we have studied. However, there was a 
wrinkling and pouchiness of the leaf blades that w^e have never observed and 
the later mottling of the leaves appears to have been of a somewhat different 
type from that occurring in the infected plants of our experiments. 

Weimer (9) studied a mosaic-like disease on the variety Nancy Hall but 
w^as unable to secure infection by mechanical inoculation with expressed 
juices of diseased plants. Grafting of diseased and healthy stems and the 
grafting of healthy shoots on diseased roots also failed to eatise infection. 
He did not describe the symptoms of the diseased plants used as a source of 
inoculation but it is known that they were much like those reported by Eosen. 

Harter and Whitney (3), working with the variety Nancy Hall, found 
that an air temperature of 38° C., either with or without high humidity, 
would cause complete masking of symptoms in plants affected with a disease 
much like that described by Eosen and apparently identical with the one 
studied by Weimer. 

Wellman (10) reported that he was able to transmit the southern celery 
strain of ordinary enenmber mosaic to sweet potato by means of aphids and 
could recover the virus by the same means. Mechanical inoculations gave 
only negative results. The first symptoms consisted of a vein-clearing that 
appeared about 7 days after inoculation. This clearing of the veins later 
disappeared and was followed by a mild but definite mottling that became 
almost undetectable in plants approaching maturity. He stated that this 
disease was found on sweet potatoes in the field in Florida and Cuba. Well- 
man showed no photographs of symptoms bnt the disappearance of the vein- 
clearing and the eveiitual fading of the mottling of the foliage are unlike 
the symptoms of the disease that we have studied. The incubation period 
of the celery virus on sweet potato was also much shorter than any observed 
in oxir inoculation experiments. 

In a recent report, Hansford (2) states that surveys made in 1944 show^ 
that sweet potatoes In certain sections of East Africa freqnently are affected 
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•with w4iat appears to be a yirus disease. The symptoms, which vary with 
the variety affected, include mottling, vein-banding, distortion or crinkling 
of the leaves, and some stunting of the plants, especially those of narrow- 
leaved varieties. Preliminary surveys indicate that the disease is of consid- 
erable importance. Nothing is yet knowm as to methods of transmitting the 
suspected virus but the spread of the disease in the field indicates the pres- 
ence of an insect vector. The symptoms described by Hansford are sug- 
gestive of those of the disease found at Beltsville but no definite comparison 
can be made at this time. 


TRANSMISSION OP THE VIRUS 
Inoculations with Juices of Mosaic Plants 

All attempts to secure infection by inoculation with expressed juices or 
crushed tissues of mosaic plants have been unsuccessful. A total of 103 
plants were inoculated by rubbing the leaves with the expressed juices of 
mosaic leaves. Leaves of various ages were used as a source of inoculum 
and all inoculated leaves were dusted with carborundum powder before rub- 
bing. Similar leaf inoculations were also made with the juices of stems, 
and of the feeding and the storage roots of mosaic plants. 

Stem inoculations were made (a) by introducing expi’essed juices of 
mosaic stems or leaves into the stem by needle pricks or by injection with a 
hypodermic needle, (b) by the insertion of freshly macerated tissue of stems 
or leaves into longitudinal incisions in the stem, and (c) by the hypodermic 
injection of juices extruded from the ends of freshly cut stems of mosaic 
plants. A total of 92 plants were inoculated by one or another of these 
methods but none developed symptoms of mosaic. 

All of the plants inoculated were held for periods of from 6 weeks to 8 
months at greenhouse temperatures between 75® and 95® P. Since plants 
infected by grafting show symptoms wdthin 14 to 28 days after the graft is 
made, it appears that infection is not readily obtainable by inoculations wuth 
expressed juices. 

Transymssion ly Stem Grafting 

Attempts at transmission of the virus by approach-grafting of stems of 
mosaic and healthy plants have been uniformly successful where union of 
the stems has occurred. The healthy and mosaic stems were joined by 
tongue grafts made about 4 to 6 inches back of the growing tip, the graft 
being wrapped with raffia and covered with moist cotton. Twenty of 22 
such grafts resulted in the development of typical symptoms in the healthy 
plant, the remaining two grafts failing to unite. In most plants infected 
in this manner, the first symptoms appeared in the stem to which the mosaic 
runner was united. Oecasionally, however, the first sign of the disease ap- 
peared in a runner other than that grafted, indicating a rather rapid pas- 
sages of the virus down the stem. The incubation period of the virus varied 
from 14 to 28 days, with most of the plants showing definite symptoms within 
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20 days. The first symptoms consisted either of the development of small 
yellow spots on leaves which had not reached full size (Fig. 1, C), or there 
was a clearing of small segments of the veins similar to that shown in figure 
1, B. All the rnnnens of an infected plant eventually were diseased and the 
later symptoms imduded all the types shown in figure 1. Ten of the fleshy 
roots of the infected plants were grown in sterilized soil in the greenhouse 
and all produced shoots with typical mosaic symptoms. 

Attempts were also made to secure infection by cleft-grafting a scion, 
taken from the tip of a mosaic shoot, on a healthy stem from which 2 inches of 
the tip had been removed. All of 20 such grafts failed to unite, but in 2 of the 
healthy plants evideiiee of infection appeared within 16 days after the graft 
was made. Since the mosaic scions in these instances had wilted and died 
within 24 hours, it would seem that the virus must have gained entrance into 
some tissue of the healthy stem, possibly the phloem, in which it was able to 
multiply with some rapidity. Attempts have since been made to secure 
infection by hypodermic injections and by needle pricks made at various 
points in the ends of freshly cut stems, but so far all have been inisuceessfnl. 
A?edges of freshly cut stem tissue inserted in longitudinal slits in the stem 
also have failed to cause infection, 

Transmmion In/ Jmscffkni of Plugs of Mosaic Boot Tissues 
in Healthy Roots 

The xsimplest method of transmitting the virus to sweet potato has been 
the insertion of plugs from mosaic-diseased roots into roots of healthy plants 
by the method used by Goss (1) in work with viruses affecting potato 
[Solmixim L.]. The healthy sweet potato root was first cut in 

halves and one portion planted as a control. A core of diseased root tissue 
was then removed from the fleshy root of a mosaic plant with a cork borer 
and inserted in a hole made in the remaining half of the healthy root with 
a borer one size smaller. In many of these experiments actual union oc- 
curred between the mosaic root ping and the surrounding healthy tissue but, 
even when the ping eventually decayed, the shoots from the inoculated roots 
always developed typical mosaic symptoms. A total of 73 roots were inocu- 
lated in this manner and all developed mosaic shoots that did not arise from 
the cores of mosaic tissue inserted in the roots. All control roots produced 
only healthy shoots. ^ 

Tests for Trcmsmission iy Successive Catting of Diseased 
and Healthy Boots 

All attempts to transmit the virus by successive cutting of diseased and 
healthy roots have failed. In these experiments the healthy roots were cut 
in two with a sterilized knife and one portion planted as a control. The 
other portion was again alieed with a knife tliat was thoroughly coated wuth 
the juices of a freshly cut mosaic root. Thirty-four roots of either Nancy 
Hall or No* 029B78 were treated in this manner but all the shoots from 
control and inoculated roots remained healthy* 
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Tests for Transmission Through Fibrous Roots 

Soil in which mosaic plants were growing in the greenhouse Avas removed 
from the pots and passed through a one-half -inch mesh screen to remove all 
the larger fibrous roots. Two days later the soil was placed in sterilized 
6-inch pots and one-half of a healthy root (Nancy Hall) planted in each pot. 
The remaining half-roots were planted in pots of steam-sterilized soil to serve 
as controls. Thirty plants were grown from roots planted in the contami- 
nated soil but no infection was evident during the 90 days the plants wmre 
held in the greenhouse. Hoots planted in sterilized soil produced only 
healthy shoots. Thirty healthy roots also were planted in unscreened soil 
that had grown mosaic plants and then had been stored for 30 days in a 
moist state in the greenhouse. All of the shoots of the plants of this series 
remained healthy. 

Attempts to infect healthy plants by mechanical inomdation of the feed- 
ing roots also have been unsuccessful. The inoculations were made with 
juices of leaves, feeding roots, and storage roots hut no infection occurred in 
the 24 plants thus inoculated. 

Tests for Insect Transmission 

No real attempt has been made to determine possible insect vectors of 
the virus but some observations indicate that it is not readily transmitted 
by aphids. During the summer of 1944, aphids appeared on runners of 
healthy and mosaic sweet potatoes growing in immediate contact in the 
greenhouse. No evidence of infection appeared in the healthy plants during 
3 months’ observation. Aphid-infested leaves from mosaic plants were 
removed and placed on leaves of 10 healthy plants, but liere again there was 
no evidence of infection in plants held for 60 days. The aphids, from a 
superficial inspection, apiieared to be Myzus persicae Sulz., which was 
Xvresent on peppers in the same house at the time. 

Tests for Transmission hy Dodder 

Attempts have been made to transmit the sweet-potato virus by means 
of two species of dodder, Gusciitaarvensis Beyrieh, and Cuscuta calif arnica 
Choisy. Up to the present, however, we have not been able to establish either 
of these species on the sweet potato, but the experiments are being continued. 

CROSS-INOCULATION EXPERIMENTS 

Efforts have been made to transmit the sweet-potato virus to the Samsum 
variety of Turkish tobacco (Nicotiana tabaeum L,), N. glutinosa h.. Datura 
stramonium L., cucumber (Owe wmfs saiimis L.), and morning glory (Ipomea 
purpurea Lam,). All of these plants were inoevdated with the expressed 
juices of mosaic leaves of sweet potato, using the leaf-rubbing method with 
eai’borundum powder. The number of plants inoculated varied from 9 to 
30. No infection was obtained in any series. 
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Attempts also have been made to infect sweet potato (Nancy Hall) with 
the viruses of ordinary tobacco mosaic and the southern celery strain of 
ordinary cuciimber mosaic. Thirty plants have been inoculated with, each 
of these viruses by the leaf -rubbing method, using carborundum powder. 
No infection was obtained from any of these inoculations. 


VABIETAL SUSCEPTIBILITY 

No extensive tests of varietal susceptibility have been made, but all the 
varieties tested have proven susceptible to the virus. These inoculations 
have been made by the root-plug method, using from 3 to 9 plants of each 
variety. Infection occurred in all the inoculated plants, the controls all 
remaming healthy. 

The named varieties infected were : Nancy Hall, Porto Eico, Triumph, 
and Wennop, Varieties received from the Division of Plant Exploration 
and Introduction under the numbers 129651 and 129653 also were infected, 
as were seedlings listed as B-219, B-24:96, and B-2521. All of these plants 
showed symptoms of the type described and all appeared to be equally 
severely affected. 


DISCUSSION 


xipparentiy the mosaic disease of sweet potato found at Beltsville is not 
common in the field. The symptoms are generally so striking that diseased 
plants are readily noted and, if it were of frequent occurrence, one would 
expect more reports of it. 'We have not attempted to determine the dis- 
tribution of the disease, however, and while the files of the Division of 
Mycolog:^’' and Plant Disease Suiwey contain a number of reports of the 
occurrence of mosaic in vaxuous States, it is not possible to say how many 
of these may have referred to the disease have studied. 

Since the viims is not readily transmissible except by tissue union or 
prolonged contact of diseased and healthy tissue, it is not likely to be widely 
disseminated by means other than an insect vector. So far, the lack of 
evidence regarding such vectors prevents any statement as to the likelihood 
of its general distribution. 

It seems probable that this virus is distinctly different from those whose 
transmission or other behavior were studied by earlier workers. The symp- 
toms of the mosaic diseases investigated by Eosen, Weber, Weimer, and 
Harter and Whitney all seem to have been much alike and were essentially 
different from those of the disease we have studied. The extremely long 
incubation period reported by Rosen is unlike that of our virus and if, as 
imiicated by the results of Eosen and of Weimer, the causal agent was not 
tmnmitted by grafting, there would be much doubt as to whether a virus 
was actually eoneerned. It is possible, however, that further attempts with 
iueh methods might have produced infection in healthy plants. Wellman’s 
deicription of the symptoms in sweet potato infected with the southern celery 
strain of the eueumber-mosaic vinm does not correspond with what has been 
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obsei’ved in plants infected with, onr virus, and the short incubation period 
that he mentions is a further indication of a difference in the two viruses. 

The so-called second type of mosaic described by Weber and West was 
characterized by a yellowing of the veins that is suggestive of that found in 
our infected plants. Although the later symptoms of this ‘^second’’ type 
were rather different from those produced by our virus, it is not impossible 
that the two viruses were of a similar type. Since no comparative material 
is available, however, and since no attempts at transmission of the second 
virus were reported, it is not possible to make a definite statement as to the 
relationship of this virus to ours. The same situation exists with the virus 
reported by Hansford in East Africa although here again there is a possi- 
bility that the virus he describes is very similar to the one we have studied 
at Beltsville. 

Since our virus appears to differ both in symptoms and methods of trans- 
mission from that described by Rosen under the name of sweet-potato mosaic, 
it is suggested that it be known as feathery mottle of sweet potato. Under 
the system of classification of the genera of plant viruses proposed by Mc- 
Kinney (4) it should be placed in the genus Flavimacula since it is trans- 
mitted only by tissue union or prolonged contact of diseased and healthy 
tissue, and insect vectors are unknown. It is proposed that it be known as 
Flavimacula ipomeae sp. nov. with the following description. 

Flavimacula ipomeae sp. nov. 

Common name of Peatliery mottle of sweet potato, 

B^ost reaction. — In Ipomeae 'batatis L. var. Naney Hall, and other common varieties 
of sweet potato, first induces a finely branched yellow mottle along the small veins with 
or without the development of many small, diffusely margined spots 1 to 2 mm. in diameter. 
Leaves produced after infection slightly rugose but not much distorted ^ mottled with 
areas of light and dark green and showing feathery patches of yellow in dark portions of 
the leaf. No necrosis of leaves, stem, or roots. Plants considerably dwarfed. Not known 
on hosts other than sweet potato. 

Transmission. — ^Limited to tissue union by approach grafting of stems or by insertion 
of cores of diseased root tissue in healthy roots. No insect vector known. 

'Physical and chemical properties. — Not known. 

Distribution. — Observed only at one locality in Maryland. 

SUMMARY 

A virus disease of sweet potato causing an unusual type of feathery yel- 
low mottling has been observed at one locality in Maryland, It does not 
appear to be common in the field. The infected plants are considerably 
dw^arfed but there is no pronounced distortion of the leaves and no necrosis 
of stems, leaves, or roots. 

The virus has been transmitted by grafting of diseased healthy stems and 
by the insertion of cylindrical plugs of diseased root tissue into healthy roots. 
No transmission has been secured by other methods of artificial inoculation 
and no insect vector is known. 

The virus produces symptoms distinctly different from those mosaic 
diseases of sweet potato whose transmission wms studied by earlier workers 
and it is proposed that it be known as feathery mottle of sweet potato. 
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TJnder tlie system of generic classification proposed by McKinney it is sug- 
gested tliat it be listed as Flavimacula ipomeae sp. noy. 

Bureau of Plant Industry Station, 

Beltsville, Maryland. 
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MOVEMENT OF MOSAIC VIRUS THROUGH SUGAR-CANE 

SEED PIECES 


liili 


I. L. Forbes andP. J. M i li l s 
(Accei^ted for publication April 17, 1945) 

In Louisiana, sugar cane is propagated by planting seed pieces, these 
usually being whole stalks* On each stalk there are usually from 10 to 20 
buds or eyes, each of which, if sound, is potentially capable of developing 
a shoot. In the field, however, even under the best of conditions, rarely more 
than 20 to 25 per cent of the buds produce shoots which survive. For these 
seed pieces, the term ‘‘seed cane” is ordinarily used. 

Usually when a mosaic-diseased seed piece is planted, all the shoots grow- 
ing from it have the mosaic symptoms. Conversely, mosaic-free seed pieces 
produce only mosaic-free shoots. To have available mosaic-free lolants for 
inoculation purposes, mosaic-free seed pieces are planted either in the green- 
house or in isolated places in the field. The chance of such plants picking 
up the infection during the early stages of growdh is very slight. 

During the winter of 1941-42, while conducting some inoculation tests 
in the greenhouse on young shoots of two varieties, Co. 281 and C.F. 28/19, 
which had grown from mosaic-free seed pieces, it was observed that not only 
did the plant>s that were inoculated develop the mosaic symptoms, but mosaic 
developed in some other shoots close by which were not inoculated. When 
the latter shoots were removed from the soil it was found that they were 
attached to the same seed pieces as were the inoculated shoots. Since there 
was no evidence of what could have been interpreted as natural infection, 
he., transmission by insects, in other cane growing in the greenhouse, the 
possibility of vinxs movement through the old seed piece was suspected. 
Following this, field inoculations were made to determine whether or not 
there may be a transfer of the virus through the seed piece, and, if so, wdiat 
significance is to be accorded such a method of mosaic spread in sugar-cane 
fields. These tests were made during three growing seasons. 

All tests were carried through in a similar way. Full-length stalks were 
planted and then a single shoot developing from each seed piece was inocu- 
lated by placing a few cc. of extracted juice from a mosaic-diseased plant in 
the whorl of leaves at the top of the plant, then pricking through, the spindle 
a number of times with fine needles. When shoots from other nodes showed 
the mosaic symptoms, the seed pieces were dug and the presence or absence 
of mosaic was recorded for all shoots which had developed from the different 
nodes. ’ 

Young shoots developing from buds on the nodes sucker freely and conse- 
quently instead of a single plant there is soon a cluster of plants, eominonly 
called a stool, growing from a node. Usually the mosaic will spread rapidly 
from one plant to the others in a stool. In the following discussion the term 
“shoot” is used indiscriminately for a single plant or one among the many 
in a stool. 
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Tests in 1942. Data were obtained from three inoculation experiments. 
Two varieties, G.P. 28/19 and C.P. 28/70 were used. A total of 50 plants 
were inoculated; 29 of them developed mosaic. Virus spread, apparently, 
from 10 of these inoculated plants to noninoeulated plants. 

Prom the standpoint of the presence or absence of mosaic, the condition 
of all the shoots on these seed pieces in which there appeared to be a move- 
ment of the virus is shown in table 1. It will be observed that the virus 
spread from the inoculated shoots in both directions in the seed pieces, but 
in some eases passed by certain nodes and infected shoots further removed 
from the ones inoculated. In figure 1 is shown one of the seed pieces (test A, 
seed-piece No. 9) at the time it was removed from the soil. 

TABIjE l,^S%)read of iHriis m seed pieces, W42; l)ased on occurrence, of mosaic in 
shoots on nodes other than the one at point of inoculaUo7i 





Nodes numbered from point of inoculation 



lest piece 


Basipetal spread 



Inoculated 

Api( 

jal spread 

number 

6 

5 

4 

3 

2 

1 

shoot 

1 

2 

3 

A 2 ' 


+ 

0 . 


+ 

+ . 

I 




3 



+ 

+ 

4* 

0 

I 




9 






+ 

I 

0 



B 2 





+ 


I 




4 




+ 


0 

I 




6 





+ 

+ 

I 

0 

0 

0 

18 

, ■"+ ■ 




+ 


I 

+ 



C 9 

0 

0 

+ 

0 

0 

+ 

I 

0 

4- 

+ 

17 







I 


+ ' 


19 



+ 

+ 

+ 

+ 

I 

0 

0 



Symbols: I Inoculated shoot. 

+ := Shoot with mosaic. 

0 =: Shoot with no mosaic symptoms. 

On nodes without symbol, shoots not iiresent. 

Tests in 1943. Data were secured from four tests in 1943. The varieties 
C.P. 28/70’ and Co. 281 were used. A total of 55 Co. 281 plants was inocu- 
lated. Mosaic developed in 17 of these. Virus spread from 6 inoculated 
plants to a total of 9 other shoots in 6 of the 17. With C.P. 28/70, a total 
of 45 plants was inoculated; 18 of them developed mosaic. Virus spread 
from 8 of the inoculated plants to a total of 14 noninoeulated plants, appar- 
i^itly through the seed pieces. 

Tests in 1944, In 1944, data were secured from 4 tests, 2 with the variety 
Co. 281 and two with C.P. 28/70, Two of the tests (A and B) were started 
in May and 2 (C and D) in June. As the results in general were very simi- 
lar to those obtained in preceding years, they have been summarized in 
table 2, In all the tests mosaic ■was observed on some shoots that were not 
inocnilated, apparently due to the transference of the virus through the old 
seed pieces. The virus seemed to travel in the seed piece equally well in 
either direction, some of the infected shoots being toward the base from the 
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inoculated one and others toward the top. In some cases, also as in previous 
years, the virus passed by some of the nodes without entering the shoots and 
infected others further along the stalk. 

In table 2 the shoots under the heading ^Svith mosaic’’ include the inocu- 
lated shoot. In all seed pieces, then, on which there was observed more than 
one shoot with mosaic, it is assumed that there was a transference of the 
virus from the inoculated shoot to the others. In test A, such a transference 
occurred in 14 out of 20 seed pieces; in test B, 13 out of 19 ; in test C, 6 out 


Fig. 1. There were 9 buds (eyes) on the seed piece. Plants developed from buds 
2, 4, 7, 8, 9. Plant 8 was inoculated. Mosaic, developed in the inoculated plant and its 
suckers and also in plants from nodes 2, 4, and 7. Plants from node 9 remained mosaic- 
free. 


of 21 ; in test D, 3 out of 25. Possibly the lower percentages in the two later 
tests can be explained by the greater deterioration in the seed pieces at the 
time the shoots were inoculated. 


DISCUSSION 


Sugar-cane mosaic is a virus disease known to be transmitted from plant 
to plant principally by insects. Infection is brought about naturally by 
certain insect vectors which suck the infectious juice from mosaic-diseased 
plants and then transmit it by f eeding on healthy plants. In artificial inocu- 
lation experiments the eommonest method of virus transfer is the injection 
of extracted juice from mosaic-diseased plants into the spindle of growing 
plants. Symptoms appear in the new growth usually within ten days to 
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three Aveeks. The rate of growth of the sugar-eaiie plants seems to deter- 
mine time elapsing between inoculation and the appearance of the symptoms. 
Rapidly growing plants deyelop mosaic more quickly than those groAving 
.sloAA’ly. 

In sugar-cane plots planted with mosaic-free seed cane and AA'ell-isolated 
from mosaic-diseased sugar-cane or corn, A-ery little mosaic deA^elops from 
natural infection, especially during the early groAving season, AAdiieh in 


TABLE 2 . — Movement of mosaic vims through sugar-cane seed pieces. One plant 
per seed piece inoculated 



Test A, 

C.P. 28/70 

Test B, 

Co. 281 

Test 0, G.P. 28/70 

TestB, 

, Co. 281 

SoimI 

piece 

Number o.f slioots 

Number of shoots 

Number of shoots 

Number of shoots 

number 

With 

Mosaic- 

With 

Mosaic* 

With 

Mosaic- 

With 

Mosaic- 


mosaic 

free 

mosaic 

free 

mosaic 

free 

mosaic 

free 

1 

3 

1 

9 . 

0 

3 

3 

1 

1 

2 

3 

1 



1 

1 

2 

1 

B 

4 

1 

3 

0 

1 

1 

2 

1 

■ 4 

1 

1 

1 

1 

1 

3 

2 

1 

5 

2 

0 

3 

0 

1 

1 

1 

9 

0 

3 

0 

1 

0 

2 

9 

1 

2 

■ 7 ■ 

2 

0 

4 

1 

1 

3 

1 

2 

8 

■ 2 ■ 

1 

3 

0 

1 

0 

1 

0 

9 

3 

0 

1 

1 

1 

2 

1 

1 

10 

4 

1 

1 

1 

3 

0 

1 

0 

11 

3 

0 

C) 

1 

2 

0 

1 

1 

12 

7 

0 

1 

1 

1 

0 

1 

1 

13 

2 

1 

2 

1 

2 

0 

1 

0 

14 

0 

3 

3 

0 

1 

0 

1 

0 

15 

1 

5 . 

1 

1 

1 

0 

1 

1 

16 

4 

0 

2 

2 

1 

0 

1 

1 

IT 

1 

1 

3 

0 

1 

0 

1 

0 

18 

1 

0 

2 

0 

1 

1 

1 

1 

19 
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0 

2 

0 

3 

2 

1 

0 

20 

5 
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3 

0 

■■ 1 

0 

1 

0 

21 





1 

1 

1 

0 

22 

...... 






1 

0 

23 

■ ...... 


...... 




1 

2 

- 24 ■ 







1 

0 

,'25 



...... 

...... 



1 

1 

Total 

. 52 ■ 

17 

40 

10 

30 

20 

28 

19 



Louisiana extends into earl}^ June, Consequently, when it was observed 


that plants other than those inoculated developed mosaic, virus transfer 
through the seed piece was suspected. This suspicion ’was strengthened by 
the .fact that no natural infection was found in the same varieties in other 
adjacent parts of tiie field where no artificial inoculations had been made. 
To confirm this, inoculation experiments were made in the field during three 
seasons. These were so designed as to give results that would answer the 
question m to whether sugar-cane mosaic can spread from plant to plant 
through the seed piece. The results seem to justify the conclusion tliat such 
a method of mosaic spread in sugar cane in liouisiana not only does occur 
but that it may occur quite eomxnonly* The virus may travel from the point 
of Inoculation either toward tlie top or toward the base of the seed piece. 
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Of partieular interest, physiologically speaking, is the fact that the virus 
passes through the seed piece, skipping some plants but infecting others 
further removed from the point of inoculation. The virus apparently did 
not travel through all the seed pieces. This perhaps may be explained by the 
fact that portions of the stalks often disintegrate during the -winter and 
spring seasons before or after the development of the young shoots. It is not 
probable that the virus would spread through dead or injured stalk tissues. 

Whether under ordinary field conditions there is a transference of the 
virus through enough of the seed pieces to be of significance has not been 
determined. It is known, however, that mosaic spreads more rapidly in plant 
cane (plants from seed pieces) than in stubble cane (plants from rootstocks 
i^emaining in soil after harvest). There is a possibility that the greater 
spread in plant cane as compared to stubble cane may be due, in part at least, 
to the transfer of virus through the seed pieces from infected to noninfected 
plants. 

SUMMARY 

Sugar cane is propagated vegetatively by planting whole stalks or por- 
tions of stalks. Usually a number of shoots develop fi’om each seed piece. 

From inoculation experiments, it has been found that the mosaic virus 
can spread from an infected shoot through the old seed piece to other shoots. 
The virus spreads through the seed piece in either direction. The virus can 
also pass by a node and infect other shoots further removed from the point 
of infection. 

Department OP Plant Pathology, 

Louisiana Agricultural Experiment Station, 

Baton Rouge, Louisiana. 





EHIZOCTONIA BUD EOT OF STRAWBERRY PLANTS 

J . B . I) E M A R E E 1 
(Accepted for publieatioii May 12, 1945) 

In 193e5 Brooks'' reported on a bud rot of strawberries in Florida and 
attributed it to a Ehizoctonia of the solani type. He described the disease 
as a *‘dry rot of leaf- and flower-buds, and bases of petioles and stipules, 
the last causing the older leaves to lose their upright position and lie fiat 
on the ground.” Brooks isolated the fungus and was able to reproduce the 
disease in the greenhouse. 

What appeared to have been the same disease lias been observed by the 
writer during the past fe\v years in Arkansas, Delaware, Maryland, Missis- 
sippi, North Carolina, and Tennessee. BaiiF'^^ reported observations on the 
disease in Louisiana and Mississippi in 1944. 

This disease shows best in the field for a few weeks after winter dor- 
mancy has been broken and the plants have resumed growth of the central 
cluster of leaf and flower buds. In Florida this period occurs in December 
and January, in soutliern Louisiana and Mississippi in February and March, 
in Arkansas and Tennessee in Marcli and April, and in Delaware and Mary- 
land in April and May, 

The first sign of the disease is an apparent retardation in growth of 
crown buds of Infected plants as compared with normal ones. Later both 
leaf and flower buds turn brown and die, and are easily lifted out of their 
position. Simultaneously the outer previous year’s leaves assume a more 
or less horizontal position and become darker green than leaves of normal 
plants. Several adventitious leaf buds soon develop under the residue of 
the originally killed buds and these may likeAvise be killed, or a few may 
survive but produce at first a weak, spindly growth, and later the usual 
form of ‘‘multiple crown” plants. Sometimes plants are killed outright. 
Ilsually, however, infected plants recover but produce no fruit that year. 
In dissecting the crown of an infected plant, one finds that buds have large, 
soft lesions or that they are partially or completely disintegrated. Another 
symptom of the disease, whieli is an after-effect of the early stage of bud 
disintegration, is that some leaves of surviving buds are injured before they 
unfold and after expanding are necrotic at the tip and margin of the leaflets. 
Sometimes an entire leaflet is missing. The effect of this injury persists 
throughout the life of the leaves. The dead leaf tissues slough off, leaving 
misshapen, puckered, or crinkled leaves. Brooks'' has observed that stolons 

1 Btmior pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of 
Plant Xnduftry, Boils, and Agricultural Engineering, Agricultural Besearcli Administra” 
tlon, IL B. Department of Agriculture, Beltsville, Md, 

^ Brooks, A. N. Bhizoctonla bud rot of strawberry. (Abatr.) Pliytopatli. 26: 965. 

Ifli. ; . 

^ Bain, Douglaa 0. Strawberry diseiises in MisskaipTU. XT. S. Dept, Agr,, Plant 
Dti. Beptr. 28: 105. 1944. ' ■ . 

i DiaeaiKM of strawberries In Louisiana and Mississippi. D. S. Dept. 

Agr^ Plant Bla. Beptr. 28 j 269* 1944. 
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and fruits are also attacked by the same fimgus that causes bud decay. The 
stalks and root systems of strawberry plants are not attacked by the fungus, 
and this bud rot should not be confused with a Ehizoctonia root disease re- 
ported by Zeller^ as causing extensive damage to strawberry roots in Oregon. 

As a rule, the disease is of slight importance in strawberry fields, affect- 
ing, only a few widely scattered plants. It is absent from many fields, but 
occasionally causes considerable damage. The most the writer has seen 
occurred in a single field near Van Buren, Ark., in which 25 or 30 per cent 
of the xolants were estimated to be infected. Baiii'"* observed the disease 
near Meridian, Mississippi, in 1944 and reported that in one field fully 30 
per cent of the plants were infected. It is not knowm Avhy the disease may 
become epiphytotic in some fields and be absent from others. It has been 
observed, however, that plants seem to be predisposed to infection -when 
they are partially covered wnth wind-blowm sand or soil, or when flood 
\vater has deposited some soil around the plants in low parts of a field. 

The fungus is thought to be one of the variants of Rhkocfonia solani. 
When groAvn upon corn-meal agar it forms reddish-brown, loose, aerial 
hyphae with numerous black sclerotia. The sclerotia, in an early stage of 
development, are small aggregates of loosely constructed, short-celled, wrhite 
hyphae, but later turn brown and become more compact. In the final stage 
they are globose to flat, dark browm to black, and from 0.5 to 1.25 mm. in 
diameter. They may form on the surface of the agar, on the inside w^all of 
the culture tube, or among the aerial hyphae. The perfect stage of the 
fungus has not been seen on strawberry plants nor on artificial media. 

Ehizoctonia hud rot may easily be mistaken for other strawberry dis- 
eases occurring during early spring. A. N. Brooks writes (correspondence) , 
'Mt appears that the Ehizoctonia bud rot of strawberry can be confused 
with several things. Before I discovered the true cause I thought that it was 
the wwk of the sucking insect Pamera, which are numerous at times in 
Florida.” The strawberry crown-rot disease, deseribed by Plakidas^ from 
Louisiana and caused by Sderoiima scleroiionim, is superficially similar 
to bud rot and not easily distinguished by field examination unless the black 
sclerotia of Sderotinia are found among the dead crown buds. Bain, in 
discussing the similarity of the two diseases, said, ^‘This disease (Ehizoctonia 
bud rot) is very much like the Sclerotinia crown rot, hut there is no damping 
off of basal leaves, nor are sclerotia present on or around the plants.” 

The spring dwarf disease, caused by the nematode /f^z- 

gari^ej may also he mistaken for Ehizoctonia hud rot. Both diseases appear 
at the same time of year, and the symptoms are very similar during the 
initial stage, is,, both retard the new spring growth of leaves and flow^er 
development. The symptoms of the two diseases are more easily distin- 
guishable at a later period. As a rule, the dwarf disease kills only the 

s teller, S. M. A strawberry disease eaiised by Mlmocionia, Oreg. Agr. Expt. Stat. 
Bitll. 295. 1932. ' , 

e PlaMdas, A. G. Factors respoimble for tlicysmall strawberry crop this yean IT. kS. 
Dept. Agr., Plant Eis. Eptr. 19: 132-133. 1935. 
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TABLE l.-'-'Resiilts of moeulating strawl}errij pUmts with Mlmoctonia 


Ko. plants 

Treatment 

Besiilts 

6 

UniiiocuIat(3d, crowns exposed 

None infected 

6 

Inoculnted, crowns exiiosed 

All infected 

6 

Uiiinociilated, crowns covered witli soil 

None infected 

0 

XJninoeiilated, crowns covered with sand 

None infected . 

6 

Inoculated, crowns covered with sand 

All infected 


flower buds. The new leaves, however, are abnornial in appearance and 
developnient, because of the injury done to them by the great nnniber of 
nematodes that have fed upon them during the early bud stage. The result 
of the nematode injury shows later as distorted, reddish leaves with short 
petioles and small, narrow leaflets. 

Rhkoctoma attacks plants in no pattern of regularity, grouping, or 
segregation. There may be one or a feAV bud-rot'infected plants among a 
group eonsisting of an original set plant and its family of runner plants, 
or single bud-rot plants may be widely scattered. In contrast to the irregu- 
lar distribution of Hhizoctonia bud rot, plants affected with nematode- 
dwarf disease are almost invariably grouped, because the nematodes spread 
from the infested mother plant to several or all of its daughter plants. 

Wheii this bud-rot disease was found in 1942 on the U. S. Plant Industry 
Station Parin at Beltsvilie^ Maryland, work was initiated to determine the 
cause of the trouble. It /was suspected that either Sclerotinia or Bhkoetonia 
would be found. Cultures were made and diseased plants were held in 
moist chambers at different temperatures, Selerotmia never developed by 
any method tried, nor were selerotia ever found associated with the disease 
in flelds. A Rhkoetonia was isolated more frequently than any other one 
organism. In 1944 the pathogenicity of this fungus was determined in 
greenhouse experiments. Brooks' findings in 1935 were confirmed. 

In a preliiiiinary test started March 4, 1944, 30 plants were set in 6-ineh 
pots filled with uusterilized composted soil. The plants were inoculated by 
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placing a small piece of agar containing liyphae and sclerotia of the f ungim 
immediately under the surface of the soil and near the crown of the plants. 
Table 1 shows the arrangement of the test and the results. 

The symptoms of infected plants Avere essentially identical with those 
of field-infected plants (Fig. 1). The erowms of a portion of the plants 
were covered with soil or sand, to determine if covering alone w^ould cause 
abnormal groAvth of the plants similar to that caused by the BhizoGtoyiia. 
The covered plants developed slowly and irregularly, but the leaves finally 
emerged and plants were normal. 

Ill April, 1944, a second greenhouse test was set up to demonstrate the 
association of the Bhkoetonia with strawberry bud rot. One hundred 
strawberry plants taken from the field w^ere set in 6-inch pots so that the 
crown buds were slightly above the soil surface. Sixty-three of the plants 
were inoculated, the remainder were held as controls. At the termination 
of the test 30 days later, none of the 37 controls had any evidence of infec- 
tion. Of the 63 that were inoculated, 40 had typical bud-rot symxitoms. 

This Rhizoetonia bud-rot disease of strawberries can and does occasion- 
ally cause a material loss to the berry crop in some fields. The motive for 
preparing this paper, however, wus not to emphasize the economic impor- 
tance of the disease, but principally to point out to those interested that 
there are other diseases of this crop occurring simultaneously and with 
almost identical symptoms that may easily he mistaken for bud rot. This 
paper also indicates the known distribution of the disease. 

SUMMARY 

A bud-rot disease of strawberries caused by a Bhkoetonia of the solam 
type, first reported by Brooks from Florida in 1935, was later found in 
Arkansas, Delaware, Maryland, Mississippi, North Carolina, and Tennessee. 

The fungus attacks and kills the fiower and leaf buds during a few 
weeks when buds resume new growth. This period embraces December and 
January in central Florida, February and March in southern Louisiana, and 
April and May in Maryland. 

The early symptoms of the disease are very similar to and can easily be 
mistaken in the field for some other strawberry disorders, namely, injuries 
caused by the sucking insect Orthea vincta in Florida ; the crown-rot disease 
caused by Scleratinia sclerotwrim in southern Louisiana ; and spring dwarf, 
caused by the nematode ApJielenchoides fraganae. 

Plant Industry Station, 

Beltsville, Maryland. 



FUNGICIDES IN KELATION TO SCAB AND FRUIT RUSSET OP 
PEAR IN THE HOOD RIVER VALLEY, OREGON" 

J. B, KIENHOLZ2 and Leroy Childss 
(Accepted for publication June 2 , 1945) 

Some pear varieties must be practically russet-free to command top prices 
oil the market. This is particularly true for Anjou and Gomice, two of the 
choice winter varieties grown in Oregon. While several conditions are 
known that cause smooth-skinned pears to become russeted, spray russet is 
one of the common causes for lowered cash returns from the crop. 

Pear scab (^'enturm pyrma Aderh.) has been in Oregon for many years, 
but it havS been especially troublesome in the main pear-growing districts 
since 1982 (7), Lime-sulphur, and some of the other relatively efficient 
types of sulphur may give good commercial control of scab, but they may 
severely russet the fruits of some varieties and may injure any variety if 
followed by oil-containing sprays wdthin 45 days. No really satisfactory 
fungicide has been available in tbe past that would adequately control scab 
without producing considerable russet on spray-sensitive pear varieties dur- 
ing most seasons. The present loaper reports attempts during the past 12 
years to find a satisfactory fungicide for use on Anjou pears in Oregon. 

OBSERVATIONS ON RUSSET OF PEAR FRUITS 

The origin of various types of fruit russet can sometimes be stated with 
certainty, but more often, the causes are difficult to determine, particularly 
in midseason or later. 

Several conditions that are known to cause russet on Anjou pears when 
present at one stage or another in fruit development are : 1. Injuries due to 
ms|ets, including blister mite, thrips, Enropean red mite, and rust mites. 
2, Mildew infection. 3. Environmental factors — excessive moisture and 
frost injury at various stages of development. 4. Inherent factors — ^bud 
sporting and phases of the black-end trouble of pears on Oriental rootstocks. 
5. Mechanical injuries. 6. Spray injuries. Frost damage has aifeeted un- 
opened buds during 3 of the past 12 years. The frost russet injury, except 
when frost rings develop on the fruit, is difficult to distinguish from that 
caused by certain fungicides or other agents. 

Many of the spray mateidals tested during the past 12 years have caused 
a definite russet on Anjou pears and had to be eliminated from further con- 
sideration. Spray injury is more likely to occur early in the season, the 

t published as ’Teelmkal Paper Ko. 461 with the approval of tbe Director of the 
Oregoa Agrieultaral Kicperimemt Btation and the Chief of the Bureau of Plant Industry, 
Boils and Agricultural Engineering, Division of Fruit and Vegetable Crops and Diseases, 
United States Department of Agriculture, 

^Awoeinte pathologist, Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Induitry, Boils, and Agricultural Engineering, Agricultural lieseareh Administration, 
U, B, Department of Agrkultura, 

^ Buperintendent, Hood Biver Branch Experiment Station of the Oregon State College, 
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sensitive period lasting until after the pubescence ha>s been shed from the 
young fruits and the hair-attachment injuries have healed. This process is 
U'enerally completed by the middle of June. After this it is possible to use 
•with safety some of the sprays causing early injury, but it is then too late 
for efficient scab control. 

EARLY SPRAY TESTS 

Trees receiving no spray for the entire season often produced fruit with 
considerable russet injury. In many cases the russet appeared to result 
from infestations of blister mite and other insects that respond to control by 
dormant lime-sulphur applications. It was also discovered that the scab 
fungus overwintered as twig infections (8) which were important in causing 
primary infections some seasons. Since lime-sulphur was effective in inaidi- 
vating the open scab lesions in early spring (8), check trees as well as otlier 
trees in a plot received a delayed dormant application of lime-sulphur or 
lime-sulidmr-oil (2, see p. 6). This practice gave more uniform results in 
tlie evaluating of fungicides by eliminating some of the insect pests capable 
of causing a fTiiit russet, and by giving all trees in a plot a nearly ecpial 
chance for early scab infection. Lead arsenate at the regular 3 to 100 rate 
was combined with each test fungicide for the calyx application, and at least 
one additional application of lead arsenate was made later in the season for 
codling-moth control. 

Spray materials tested for pear scab control may be conveniently classi- 
fied into 3 general groups: 1. Those that caused definite russeting on Anjou 
pears, but otherwise might be efficient fungicides. 2. Materials that com- 
monly cause little fruit injury, but gave poor scab control. 3. An inter- 
mediate group giving fair or good scab control without causing excessive 
fruit russet during most seasons. The fungicides falling in each group are 
listed belo^v : 

Group 1. Fungicides usually causing russet on Anjou pears; Basic 
copper sulphate, Bordeaux mixture in various combinations, copper-Bordo, 
copper oxide (red), copper oxalate, copper silicate, eopper-hydro “40,'^ 
copper oxychloride, copper aeetonate, lime-siilphur in various combinations, 
dry lime-sulphur, ammonium polysulphide, flotation sulphurs, colloidal sul- 
phurs, gas-house sulphurs, and micronized wettable sulphurs. 

Group 2. Fungicides giving poor scab control: Copper oxide (black), 
phenothiazine, zinc-Bordo, zinc sulphate, 66A, fused bentonite sulphurs, and 
wettable sulphurs coarser than 325-mesh. 

Group 3. Fungicides in general use or having commercial promise for 
scab control on Anjou pears : Wettable sulphurs of approximately 325-mesh, 
copper phosphate jnixture, and ferric dimethyldithioearbamate (Fermate). 

Only copper phosphate mixture, of the fungicides tested up to 1941, com- 
pared favorably with the wettable sulphurs, which have been standard foi 
scab control on Anjou pears. The copper phosphate-lime-bentonite mixtuie 
(3) was used at a 4-8--4-100 ratio in earlier tests, and later at 4-4^100 to 
i*educe some of its hulk. The wettable sulphurs, with the exception noted 
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TABLE h—Scab anfl nmet injury^ on Anjou pears in a single orchard for 7 years 


1'^ ■ ■ 

_ — ^ ^ 

Cover 

Cbeek trees 

Copper pliospliate 

Wettable sulphur^ 

ii’- 

Year 

sprays 

Scab 

Eiis.set 

Scab 

Russet 

Scab 

Russet 


Number 

Per cent 

Percent 

Per cent 

Per cent 

Per cent 

Per cent 


1935 

4 

30.4 

1.2 

2.4 

2.0 

4.1 

2.5 


1936 

3 

9.0 

6.9 

0.8 

3.3 

0.8 

20.1 


1938 

4 

32.5 

18.9 

1.3 

13.8 

1.9 

86.0 


1939 

2 ■ 

0.3 

50.0 

0.0 

26.0 

0.2 

51.2 

fm r" 

1942 

4 

56.4 

5.3 

8.6 

8.4 

9.9 

86.8 


1943 

3 

79.2 

9.0 

21.3 

4.0 

47.2 

37.9 


1944 

3 

79.3 

11.1 

19.7 

8.6 

10.3 

68.1 


Average 


41.0 

14.6 

7.7 

9.5 

10.6 

50.4 


a Injury sufficient to lower fruit from extra-fancy to fancy or lower by Western 

grading rules. 

)' Wettable snlpluir of 325'mesli except in 1942 when niicronized wettable snlplini” 
was used, 

foi’ 1942, were comniereial brands of approximately 325-mesh fineness used 
at 8 or 10 pormds per 100 gallons. Commercial spraying equipment was 
used in all tests. The use of the two fungicides on Anjou pears for 7 seasons 
in the same orchard gives a fair comparison of their effectiveness in scab 
eontroi and the degree of grade-reducing russet caused by them (Table 1). 

In this series of plots copper phosphate gave about the same control of 
scab as wettable siilplmr, except in 1943, when the eontroi was much greater 
■with copper phosphate. Neither copper phosphate nor wettable sulphur has 
given satisfactory scab control when the iinsprayed cheek trees have pro- 
duced approximately 50 per cent or more infected fruits. The distinct 
advantage of copper phosphate over wettable sulphur under average condi- 
tions has been the production of a greater amount of rnsset-free fruit. 

In orchards where scab has been more severe, or w^hen the spray schedule 
has not been well timed, copper phosphate has controlled scab better than 
wettable sulphur. The relative merits of the two fungicides in heavily 
infected orchards are shown in table 2. Observations in the test plots and 
in eommercialiy sprayed orchards indicated that the fungicidal activity of 
■wettable sulphur sprays was largely dissipated within 10 to 15 days after 

TABLE 2 .' — Scab control by copper phosphate and wettable sulphur in heavily in- 
fected Anjou p%gr orchards 


ipii 

^ 



smiliiii 

iiiiliii 



♦ Cause oi fruit ru»et obseurei by frost damage and other factors. 





Cover 

Cliock trees 

Copper 

phosphate 

Wettable sulphur 


sprays 

Scab 

Russet 

Scab 

Russet 

Scab 

Russet 


Number 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

1933 

■■■ I' 

99.4 

49.8 

72.6 

63.0 

96.0 

81,8 

1934 

4'- ■ 

82.6 

96.7 

13,6 

94.8 

63.1 

100,0 

1937 

:,i , ■ 

■ If J 


38.2 


67.8 


1940 

■ 1 

16,9 

03.0 

26.7 

79.1 

53.5 

68.9 

1941 

■■ . 


......... 

21.3 


47.2 


Ivorag 0 


'■ ' .. 

$4.0 ; 

a 

65.6 

a 
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.application, whereas the residue of the copper phosphate mixture was more 
resistant to weathering and retained its activity longer. 

Pears sprayed with copper phosphate have generally produced a smoother 
skinned fruit than those in any other test plot. The degree of smoothness 
was much greater than the figures in table 1 indicate. An interesting char- 
acteristic of the copper phosphate mixture was its ability to decrease russet 
injury, even though russeting Avas obviously due to frost damage, as in 1939 
(Table 1). Less fruit russet often occurred in the copper phosphate plots 
than on unsprayed pears. The reasons for the decreased russet injury in 
such cases are not understood. On the other hand, in orchards remaining 
Avet for extended periods or during abnormally Avet seasons, definite spray 
russet has resulted from the use of copper phosphate. Results for 1938 and 
1944 in table 1, and, as an extreme example, for 1933 in table 2, are illustra- 


TABLE 3 .- — ISffeci of ivet and dry locations m the producimi of fruit russet on 
A7ijou pears 


Spray treatment 

Cover 

Year 

Total fruit russet 

sprays 

tested 

Wet orchard 

Dry orchard 


Nmnber 


jPer cent 

Fer cent 

Cop}per pliospliate 

3 

1938 

47.1 

0,04 

Wettable sulplmr 

3 

1938 

99.4 

2.3 

ITnsprayed trees 

0 

1939 

50.0 

7.2 

Copper phosphate 

2 

1939 

26.0 

0.0 

"Wettable sulphur 

9 , 

1939 

51.2 

0.4 

ITnsprayed trees 

0 

1940 

63.0 

8.4 

Copper iifiosphate 

3 

1940 

79.1 

12.4 

Wettable sulphur 

3 

1940 

68.9 

14.2 


tions of injury caused during wet seasons or in Avet orchard locations. The 
actual percentages for fruit injury in table 1 are not great enough to give 
a true picture of the injury. In recording the data for 1944, in particular, 
a good share of the russet injury Avas on the border line of commercial dam- 
age, During most seasons, hoAvever, the russet on copper phosphate-sprayed 
fruit was so slight that the fruit could almost be classed as russet-free. It 
■seems probable that the lime-bentonite mixture is able to neutralize the free 
copper released from copper phosphate under average weather conditions. 
With more extreme and extended wet periods, the liberated copper that is 
constantly present apparently becomes toxic to the fruit skin. 

The orchard environment exerts a strong influence on the severity of 
fruit russet caused by the action of fungicides. Excessive moisture in the 
form of rain, dews, fog, or very high humidity increases the toxic efects of 
the fungicides tested. These same factors also fcm)r an iiiei^ease in scab 
infections. For convenience of comparison the test plots were classed as 
wet or dry orchard locations; and the effect of fungicides in causing fruit 
russet during the same years in similar spray schedules, but in radically 
different environments, is illustrated in table 3, 
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The early spray tests showed that copper phosphate gave more effective 
scab control and less russet on xiiijoii pears than w^ettable sulphur. A fungi- 
code more potent against pear scab and less likely to cause injury during wet 
seasons was still desired for use on spray-sensitive pear varieties. 

RECENT spray TESTS 

Several of the new organic fungicides offer considerable promise for 
use on pear trees. For the past 3 years ferric diiiiethyldithiocarbainate 
(Permate) (4) has shown excellent possibilities as a fungicide for pear scab 
control on the Anjou variety. Results of its use in the same orchard for 
the 3 seasons are compared with those for other fungicides in table 4. 

TABLE 4 . — Control of sc(ib and fruit rimct on Anjou pears in the same orchard 
fo) J ifears ' 


1942 1943 1944 



Scab 

Busset 

Scab 

Busset 

Scab 

Busset 


Per 

Per 

Per 

Per 

Per 

Per 


mmt 

cent 

cent 

cent 

cent 

cent 

Cheek trees^ — No eovei* spravs 

56.4 

5.3 

79.2 

9.0 

79.3 

11.1 

Copper phosphate 4-4-4-'100 

8.6 

8.4 

21.3 

4.0 

19.7 

8.6 

Wettable sulphur, 325-mesh, 8-100 



47.2 

37.9 

10.3 

68.1 

Wettablo sulphur, mieronizecl, 8-100 

, 9,9 

86.8 

36.0 

50.2 

10.3 

71.0 

Permate li-lOO 

3.8 

2.0 

8,0 

0.6 

5.0 

3.6 


» Eotir cover apravs applied in 1942 ; 3 eaeli in 1943 and 1944. 

Permate has given better scab control and caused less injury to Anjou 
pears than any of the fungicides tested. It has been particularly bene- 
ficial during the past 2 seasoms when scab infections have been relatively 
mimeroiis. The Permate deposit appears to be so persistent and active 
against the scab fungus that it seems especially desirable to combat early 
season infections. 

The addition of lime to Permate sprays decreased the value of Permate 
for scab control by nearly half during 2 years, and a peculiar ring-spot 
injury formed in young leaves. While no permanent injury could be 
detected on tree or fruit, the combination is considered undesirable, espe- 
cially since lime decreases the persistence of the spray deposit. 

Bartlett pear leaves often become more heavily infected by the scab 
fungus than Anjou leaves, and since these are active infeetioii sources, 
more fruit infections may develop on Bartlett than on Anjou. On the 
other hand, Bartlett pear fruit is not very susceptible to spray injury and 
n russet or other injurj^ not deforming the fruit, does not affect the grade 
for cannery use. It is therefore possible to use stronger and more effec- 
tive scab sprays on Bartlett and other spray-tolerant varieties. The com- 
parative value of 3 fungicides in. Bartlett pear scab control in a heavily 
infected orchard during 1944 is shown in table 5. Lime-sulphur was the 
most effective spray in controlling scab in the heavily infected orchards 
and probably aetually burned mV many active scab lesions. 
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TABLE 5.- — Scah control in u heavily infected Bartlett pear orchard during 1944 


Spray treatment 

Fruit 

Leaf 

Fruit 

russet 

injury 

(in 3 cover applications) 

scab 

scab 


Per cent 

Per cent 

Per cent 

Check trees — No cover sprays 

94.9 

83.0 

0.0 

Permate li~100 

25.5 

41.9 

0.0 

Bordeaux 4-4—100 

12.2 

11.5 

37.2 

Linie-siilphnr 3-100 in Pink; 2-100 in 2 cover sprays 

8.9 

, 7.2' 

0.0 


I,', 


THE SPRAY SCHEDXJIiE 

Tlie number of sprays that must be applied to control pear scab will 
vary according to weather conditions and the amount of scab present in 
the orchard. Most fungicides are applied to prevent infections rather than 
to kill the fungus after it becomes visible on the fruit or leaves. If scab 
is prevented from developing early in the season, or is held to a small 
amount, the chances for good commercial control for the remainder of the 
season are greatly increased. A single spray application may mean the 
difference between a clean or scabby crop. Micronized wettahle sulphur 
8 to 100 was applied to pear trees during 1943 and 1944 in a partial schedule. 
The value of the different spray applications in scab control on Anjou 
pears during these yeai^s is shown in table 6. While 3 applications, pink, 
calyx, and first cover, gave the best control, they also caused by far the 
most fruit russet. 

Timing is also an important factor in successful scab control. Scab 
control was poorer during 1943 than in 1944 with the same fungicide, even 
though unsprayed trees developed almost identical amounts of scab during 
both years (Table 6). Infections resulted in 1943 when spray coverages 
were largely dissipated during several rains. Dining 1944, infection 
periods occurred only just after sprays had been applied, thereby allowing 
the spray deposits to exert their maximum influence. 

After a good spray material has been properly timed, it is still neces- 
sary to apply the fugicide thoroughly. More attention should be directed 
to applying a large share of the fungicide to the tree tops. It is there 
that scab control is poorest (1), and a good spray deposit there will give 

TABLE 6 . — Scad control mid fruit injury resulting on Anjou pears from various 
applications of wettahle sulphur 




K'-f - • 




rr,: : 


Bpray applications applied 


CIu‘ck ti^ees— No cover sprays 79,S 

Pink spray only 1.. 63.8 

Calyx spray only 70.0 

Pink and calyx spray only 45.2 

Pink, calyx, and first cover spray 36.0 


Scab 

Busset 

Scab 

Busset 


Per cent 

Per cent 

Per cent 

Percent 

|! 

79,2 

9.0 

79.3 

11.1 


63.8 

14.5 

47.3 

33.4 


70,0 

21.4 

59.4 

60.2 


' 45.2 

2L3 ' 

26.0 

47.6 


36.0 

50.2 

10.3 

71.0 

'■ ^ 1 
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considerable protection against infections by redistribution to unprotected 
parts of a tree during subsequent rains (5). The spray nozzle pressure 
should be cut down on high-pressure equipment so that only a “fog” is 
applied to the lower parts of the tree. This is particularly important wdien 
dirty water or coarse particles of spray material are in the spray tank. 
Specific data are lacking, but both writers have frequently observed that 
considerable russet may be caused on tender-skinned pears by driving fine 
particles of silt or coarse spray particles against the fruit surface under 
high pi’essure. The relation between scab control and injury caused by 
wettable sulphur (8 to 100) on Anjou pears at various heights in the tree is 
shown in table 7. 


TABLE 7. — delation of the height of fruit 071 the tree to seal) coiitrol and russet 
injury 07 i Anjou i)ears following wettahle sulphur spray 


Fruit location^ 

Scab 

Eusset 



Per cent 

Per cent 


Bottom tlurd of tree 

10.0 

62.0 


Middle third of tree 

14,5 

27.3 


Top third of tree 

2a.2 

16.9 



a Trees a%"eraged aiiproxiniately 25 feet in height. 


EFFECT OP FUNGICIDES ON FOLIAGE COLOR AND FRUIT SET 

It was noticed during the early spray tests that sulphur fungicides 
usiially caused Anjou pear leaves to remain yellower throughout the season 
than leaves on trees sprayed with other materials. A number of growers 
also suggested that the use of sulphur Avas decreasing their yield of fruit. 
Tests were started in 1942 to evaluate these observations. The data are not 
complete enough to make final statements, but certain trends requiring 
closer study have been indicated. 

Trees sprayed with eopper phosphate or with Fermate and those left 
unsprayed developed distinctly greener foliage than sulphur-sprayed trees. 
These reactions have been consistent during 3 years, although the degree 
of color difference has varied somewhat with the seasons. The finer sulphurs 
appear to be more toxic to the trees than the coarser forms, but the orchard 
environment, rootstocks, and other factors probably influence the extent 
of injury. Leaf color has been improved most in the copper phosphate 
plots. Kadow and Anderson (6) reported a similar reaction in cherry 
trees after the use of eopper phosphate. 

I.^arge differences in the average fruit yield occurred on the test trees 
in 1M2. Trees sprayed with micronked wettable sulphur produced only 
about 1/8 as much fruit as the check trees or those sprayed with eopper 
phosphate or with Permate. The total blossoms were counted on test trees 
during 1943 and 1944 and the actual fruit set was determined from the 
total fruits harvested. The crop in 1943 was too light to provide reliable 
information. In 1944^ the set of fruit varied too greatly among trees wntli 
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the same treatment to permit definite conclusions, but again the micronized 
sulphur seemed to reduce the set of fruit below that of the other plots. 

summary and conclusions 

A spray material that is more effective against pear scab and less toxic 
to Anjou and other spray-sensitive pears has been needed to replace the 
wettable sulphurs now used because of the lack of better fungicides. A 
fungicide is often needed for scab control during the summer, but sulphur 
materials have 4 evident disadvantages for use on Anjou pears during that 
period. 1. They may cause a severe sun-scald type of injury on fruits 
when temperatures rise above 90° F. 2. Insecticides containing oil may 
not be applied within 45 days after sulphur fungicides on pear trees for 
fear of causing severe leaf -spotting or defoliation. This fact seriously 
hampers the control of late-season spider mite attacks in scabby orchards. 
3. Sulphur is dissipated rapidly during warm weather and is effective in 
scab control for only relatively short periods. 4. Sulphur apparently is 
directly toxic to Anjou pear trees. 

Lime-sulphur was the most satisfactory fungicide tested for pear scab 
control on those varieties not subject to spray injury. 

Copper phosphate has given equal or better scab control than wettable 
sulphur in most cases, and caused much less fruit russet during average 
weather conditions. During wet seasons it has not given adequate scab 
control and it produced excessive fruit russet. The appearance of foliage 
sprayed with copper phosphate has been superior to that in any other spray 
plot. This material has not reduced fruit set and has been compatible 
with most insecticides. It has not been available during the war, and the 
mixture is so bulky that growers object to it. 

Fermate seems to be an immediate substitute for the wettable sulphurs 
for use on spray-sensitive pear varieties. It has given consistently good 
scab control and has not injured fruit for the past 3 years, and foliage color 
has been excellent on sprayed trees. Fermate has given no trouble in most 
mixtures and oil may be safely used in the same application or soon 
afterwards. 

Division OP Fruit and Vegetable Crops and Diseases, 

U. S. Department of Agriculture, and 

Oregon State College. 
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the relation op the occurrence op poliage symptoms 

OP CHLOROTIC STREAK OP SUGAR CANE TO THE 
DISTRIBUTION OP THE VIRUS IN 
THE PLANT 

E.V.Abeotti 
(Accepted for publication June 4, 1945) 

INTRODUCTION' 

Poliage symptoms of cMorotie streak of sugar cane are inconstant. 
Although some infected plants may manifest them throughout their period 
of growth, frequently the charaeteristie leaf streaks are present only inter- 
mittently. There is little information in the literature as to the relation of 
this inconstancy of foliage symptoms to the occurrence of the virus in the 
stalk or to actual recovery from the disease. Whether, for example, the foli- 
age “recovery” resulting from the senescence of old, streaked leaves, and the 
absence of streaks on the new foliage subsequently produced, is related to 
disappearance of the virus from the stalk, has not been previously investi- 
gated. A knowledge of these points is of practical value in studying control 
measures, as well as from the standpoint of gaining a better understanding 
of the disease itself, and it was to obtain information regarding them that 
these investigations were undertaken. 

Thus far, important losses from chlorotic streak in Louisiana have been 
limited to relatively small areas where the virus became established before 
control measures were undertaken. Nevertheless, it is apparent from the 
losses already incurred, and from experimental results showing the severe 
reductions in germination of seed cuttings and ratoons that may occur (2, 
3, 4), that the disease is of considerable potential importance. The fact that 
it can be held in check in moderately susceptible varieties by roguing seed 
plots (1, 2, 3), or eliminated from seed-cane cuttings by hot-water treatment 
(5, 8, 9, 11), lessens somewhat its threat to sugar-cane culture in areas where 
it has become established. 

LOSS OP FOLIAGE SYMPTOMS 

The loss of foliage symptoms from chlorotic-streak-infected sugar-cane 
plants has been noted previously (3, 10, 11). In the present study, this 
resulted principally from the death by senescence of the leaves on ■which the 
streaks occurred. Poliage symptoms were lost sometimes when normal green 
color was restored to indefinite, faintly chlorotic areas on infected leaves, but 

well-defined streaks did not disappear from living leaves. 

During 1940 and 1941, loss of foliage symptoms in 4 varieties of sugar 
cane, the G.P. numbers 807, 28/19, 29/103, and 29/320, and its relation to 
the occurrence of the virus in the lateral buds of affected stalks, was studied 

1 Pathologist, Bureau of Plant Industry, Soils and Agricultural Engineering, Agricul- 
tural Besearoh Administration, Vnitod States Department of Agriculture. The authors 
indebted to E. L. Tippett for assistance in some of the field and greenhouse experiments. 
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ill the field. Young plants obtained from diseased seed cuttings of each 
variety, and showing definite leaf streaks, were marked with numbered 
stakes in June. At intervals of approximately 15 days during the remainder 
of the growing season, leaf symptoms on the primary and secondary shoots 
were recorded. Each shoot in the stool was labeled with a numbered metal 
tag, the primary shoot being designated as number 1, and the tillers, or 
secondary shoots, numbered consecutively as they arose. In 1940, 100 stools 
each of C.P. 28/19 and G.P. 29/320 were studied, and in 1941, 100 of C.P. 
29/320, 25 of C.P. 807, and 16 of C.P. 29/103. 

The percentage of individual shoots with either temporary or permanent 
lo.ss of foliage symptoms at some time during the season, and of secondary 
shoots remaining permanently free of such symptoms, are shown in table 1. 


TABLE l.—Tercmtage of 'primary and secondary shoots of 4 'varieties of sugar cane 
showing temporary or permanent losSj or absence of foliage symptoms of cMorotio strealc 


O.P. 

vurioty 




Loss of symptoms 







TemiJorary 



Permanent 

Secondary 





Shoots 




miuu uu 

permanently 

Pri- 


Secondary 

Pri- 


Secondary 

symptoms 

maty 

1 

2 

3 

4 mary 

1 

2 

3 

4 

807 

. 20.0 


6.0 


32.0 

18.0 

12.5 

33.3 

44.4 

28/19 

.. 16J 

12.3 

1.8 


8.8 

13.7 

5.4 

2.9 

11.7 

29/103 

.. 6.7 


20.0 

7.7 

6.7 


7.7 


8.7 

29/320a 

.. 4.3 

2.2 

1.2 


1.6 7.5 


5.9 

2.7 

7.9 8.5 

29/320b .... 

.. 16.8 

3.3 



6.3 

i.d 

2.3 


7.7 


a .1940. 
^ 1941. 


Some plants of each variety had symptoms initially but became symptom- 
less at some time during their growth. For the most part this temporary 
loss of symptoms occurred during the period of rapid growth in July and 
August, when the initially streaked leaves were lost through senescence and 
the new foliage produced was symptomless. During this time the new foli- 
age also lacked the abnormal straightness and stiffness that characterizes 
many young plants in the field earlier in the season. 

There was a tendency for primary shoots to lose symptoms more often 
than secondary shoots, although there were exceptions; and in C.P. 29/103 
more of the secondary shoots recovered. Generally, loss of symptoms in 
primary shoots was by senescence of the affected leaves, whereas secondary 
shoots did not reach senescence during the period of observation. 

Secondary slioots arising in diseased stools of C.P. 807 are much less 
likely to be invaded than are those of the other 3 varieties. All of the symp- 
tomless secondary shoots of C.P. 807 produced virus-free plants when in- 
dexed in the greenhouse, whereas diseased plants were produced from some 
of the symptomless secondary shoots of the other varieties. Eeeovery from 
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foliage symptoms in infected shoots was more often permanent in G.P, 807 
than in the other varieties. 

distribution of chlorotic streak in the lateral buds 

OF INFECTED STALKS 

According to Abbott (1), Wilbrink (11), and Bell (6, 7), not all of the 
lateral buds on chlorotic-streak-infected stalks of sugar cane give rise to dis- 
eased shoots when planted. However, the author ^s previous observations 
in this respect, and presumably those of Wilbrink and Bell, were on plants 
growing in the field where secondary spread of the virus was probably occur- 
ring, thus making impossible an exact determination of the extent of so- 
called recovery from the virus, and the distribution of infected buds on the 
stalk. The object of the present study was to obtain this information in an 
insect-proof greenhouse, and under conditions eliminating the possibility of 
secondary spread. Four commercial varieties of sugar cane grown in Louisi- 
ana, C.P. 807, 28/19, 29/103 and 29/320, were used, all of which have been 
observed to produce apparently healthy plants from diseased seed cuttings 
in the field. 

Experiment 12. Two varieties, C.P. 28/19 and 29/320, were included in 
experiment 12, which was conducted during 1940-41. The final readings 
were made in late October and the symptoms estimated as mild if the leaf 
streaks were few or small and as severe if they were numerous, large, or 
necrotic. The stalks that had produced at least 5 mature lateral buds were 
harvested and taken to the greenhouse for indexing. There they wxre cut 
into single-bud cuttings, and the buds on each stalk numbered consecutively 
from the base upward. Missing and damaged buds were included in the 
seriation. The cuttings were potted in steamed, sandy-loam soil in 4-inch 
clay x)ots that had been immersed for 2 hours in a 1-250 solution of formalde- 
hyde and placed on greenhouse benches w^here the air temperature was main- 
tained at a minimum of 75 P. 

Experiment 23. In experiment 23, which was conducted during 1941-42, 
100 stools of C.P. 29/320, 25 of C.P, 807, and 16 of C.P. 29/103 were marked 
and observed as described under experiment 12. On 75 plants of C.P. 
29/320, a record was kept of the total number of living leaves and the num- 
ber with streaks at each observation date, with the view of obtaining a more 
accurate measure of symptom severity than the estimate made in experiment 
12. In the fall the stalks were harvested and indexed. The buds of C.P. 
29/320 were potted on September 22, 1941, and the plants not showing the 
disease were discarded on March 10, 1942. Those of G.P. 807 and 29/103 
were potted on October 29 and 30, 1941, and discarded on July 3, 1942. All 
had been ratooned once. 

It is possible that in these experiments additional plants would have 
eventually developed symptoms of chlorotic streak if they could have been 
held for longer periods, although it is improbable that the number would 
have been such as to affect the results materially. This was indicated by the 
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fact that 10 plants of C.P. 29/320 from each experiment that were retained 
until they had produced jointed stalks, remained symptomless, as did the 
shoots produced when the lateral buds from these stalks were planted. 



STALK SEGMENTS 


Tio, 1. Percentage of infected buds in segments of stalks of O.P. 28/19 and 29/320, 
ctedfied according to severity of symptoms (Experiment 12): -, symptomleas plants; 
mild ifymptoms j + 4^, levere symptoms* 

For atiElysis of the results with re^speet to distribution of the virus in the 
htternl buds, each stelk was divided into 7 segments, each of which eonsti- 




NFECTEO BUDS (PERCENT) 



STALK SEGMENTS 

Fia. 2. Percentage of infected buds in segments of stalks of G*P. 807, 29/103, and 
29/320, classified according to presence or absence of symptoms (Experiment 23) : 
symptomless plants j +, plants with symptoms, 

siimably similar physiological and anatomical deyelopment in the same rela- 
tive groups. For example, bud niiiuber 10 on a long stalk of 16 to 18 buds 
might differ physiologically from bud number 10 on a shorter stalk on which 
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P. 39/320 
Symx>toiiile8S 
Mild 





it was the top bud. The results of the experiments are presented graphically 
in figures 1 and 2. 

In experiment 12 (Fig. 1) there was a tendency for greater freedom from 
the virus in the upper portions of the stalks that had leaf symptoms. Other- 
wise there was no consistent tendency for the virus to be localized in any 
portion of the stalk. In both experiments, distribution in the symptomless 
plants was more erratic than in those with symptoms. There was a definite 
relationship between severity of symptoms and the number of infected buds. 
The symptomless stalks produced the lowest number of diseased plants, those 
with severe symptoms the highest, while those with mild symptoms were 
intermediate. 

These relationships are emphasized by the frequency distribution in 
table 2, in which the data are arranged according to the percentage of buds 

TABLE 2,-^I>istn'buUon of stallcs of t mrieties of sugar cane in frequency classes 
of percentages of huds per stalk producing diseased plants. Experiment stalks indexed 
in the greenhouse 


Yariety and symptom 
severity in field 
when harvested 


ap. 28/19 
Symptomless 
Mild 


Distribution of stalks in frequency classes^ 


0 

1-20 

21-40 

41-60 

61-80 

81-99 

100 

P(Xt. 

Pet. 

Pet 

Pet. 

Pet 

Pet 

Pet. 

41 

6 

6 

12 

18 

12 

6 


8 

8 

15 

35 

19 

15 




9 

16 

28 

47 

19 


31 

6 

25 

6 

6 

2 


9 

9 

18 

39 

23 




3 

5 

49 

44 


Classes based on percentage of buds per stalk producing diseased plants. 


per stalk producing diseased plants- With both varieties, nearly half of all 
the stalks in the group with severe sjanptoms produced diseased plants from 
all of their buds. lu the symptomless group, 41 per cent of the stalks of 
C.P. 28/19 produced all healthy plants, whereas only 19 per cent of those 
of C.P. 29/320 were healthy. 

That severity of foliage symptoms at harvest time was related to virus 
invasion of the buds was further indicated by the record made of the per- 
centage of streaked leaves on 75 plants throughout the season in experiment 
23. When the ^^^^Blts obtained were arranged in frequency classes accord- 
ing to the percentage of leaves with streaks at the time of harvest, it was 
found that on stalks with 1 to 20 per cent of their leaves streaked, 61 per cent 
of the buds produced diseased shoots ; in the groups with 21 to 40 per cent, 
and 41 to 60 per cent of the leaves streaked, 81 per cent of the buds in each 
were diseased; and in the group with 61 to 80 per cent of the leaves streaked, 
95 per cent o! the buds were diseased. 

Nevertheless, the occurrence of streaks on a leaf did not necessarily indi- 
cate infection of the bud on the node subtending it. Some stalks with dis- 
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seased leaves produced only apparently healthy plants when their lateral 
buds were germinated. Symptoms on individual leaves of 6 plants of C.P. 
29/320 in the greenhouse were recorded from germination until plants were 
about 6 months old and had produced 7-10 lateral buds of sufficient maturity 
to germinate. From buds subtending diseased leaves 19 diseased and 13 
healthy plants were produced ; and from buds subtending healthy leaves 2 
diseased and 4 healthy plants were produced. 

There was no consistent relationship between the percentage of germina- 
tion of buds on stalks in the different symptom groups and the occurrence 
of chlorotic streak. Because of the known adverse effect of the virus on 
germination in the field, it might have been expected that stalks or segments 
with the lowest incidence of infection would have the highest germination. 
This, however, was not true, the average germination being approximately 
the same regardless of symptoms. This may have been at least partially the 

TABLE Z. —Recovery from cMorotic strealc m foliage and huds of entire stools of 4 
varieties of sugar cane 


C.P. variety 

Expt. 

No. 

Total 
No. of 
stools 

Stools showing complete recovery in ; 

Foliage 

Bnds 

Temporary^ 

Permanent 




Ret 

ret. 

Ret 

807 

23 

25 

33.3 

25.0 

16.7 

28/19 

12 

100 

17.0 

5.0 

2.0 

29/103 

23 

16 

0.0 

0.0 

0,0 

29/320 

12 

100 

7.0 

5.0 

2.0 

29/320 

23 

100 

6.0 

1.0 

4.0 


a Foliage of all shoots of the stool symptomless at some time, developing symptoms 
again later in the season. 

result of the favorable temperature for rapid germination of sugar cane in 
the greenhouse, at which the virus had no marked influence on germination. 

Becovery in the Buds. The results w^ere examined for evidence of recov- 
ery from the disease in the buds, aside from the loss of foliage symptoms, 
which was discussed earlier. Some of the data obtained may be interpreted 
as evidence of such recovery. In table 3, data from experiments 12 and 23 
are presented on the basis of entire stools, rather than for individual shoots 
(as in table 1) ; and in table 4, the records of symptoms in the field and the 
number of lateral buds producing diseased plants in the greenhouse are 
summarised for 9 typical stools. 

Some of the stools of G.P. 807, 28/19, and 29/320 showed complete loss of 
foliage symptoms in all of their shoots, and in some of these the virus was 
apparently not present in the lateral buds at harvest time, as evidenced by 
the absence of symptoms in the plants grown from them (Table 4). Exam- 
ples are C.P. 807, stool 7, C.P. 28/19, stool 20, and C.P. 29/320, stool 56 
(Table 4). This is evidence of recovery if it can he assumed that the buds 
actually had been invaded by the virus. That sueh an assumption is justi- 
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fied is indicated by the fact that in experiments 12 and 23, 83 per cent of the 
stalks of C.P. 807 with foliage symptoms at some time during the season 
were found to have some infected buds, 93 per cent of those of C.P. 29/103, 
95 per cent of those of C.P. 29/320, and 99 per cent of those of C. P. 28/19. 

TABLE i.—Occurremce of chlorotic sirealt in leaves and huds of individual stalks 
of 3 mrieties of su^ar cane 


a Material of C.P, 28/19 was from experiment 12 j all other material was from ex- 
penment 23, 

* primary shoot in each stool is no, Ij the secondary shoots, 2 to 4, according 

to the order m which they arose in the stool. 

« + indicates symptoms present ; —indicates symptoms absent. 

That the loss of foliage symptoms was associated with a decrease in inei- 
dance of the virus in the buds is further shown by table 5, in which data from 
experiments 12 and 23 are presented on the basis of the occurrence of chlo- 
rotic streak in the buds in relation to the constancy of leaf symptoms during 
the period irom May to October. On the whole, the buds of plants showing’ 
leaf symptoms constantly throughout the season were invaded to a greater 
extent than those showing foliage recovery at some time. There were excep- 


HP 

Stool 




Leaf symptoms^ 



Buds indexed 

varietya 

shoot 

No.b 

May 

June 

July 

Aug, 

Sept. 

Oct. 

Total 

No. with 
C.S. 

807 

7-1 



4 

4 

4 

- 

— 

12 

0 


7-2 




— 



~ 

12 

0 


7-3 





- 

— 


10 

0 


11-1 



4'* 

4 


- 

4 

16 

0 


lX-2 



- 

- 

4 


- 

10 

0 


11-3 




4 

4 

4 

4 

4 

4 


11-4 




... 

4 

— 

- 

8 

0 


17-1 



4 

4 

4 

4 

4 

15 

6 


17-2 





4 


- 

6 

0 

28/19 

20-1 



— 

— 

— 

_ 


11 

0 


20-2 



4 


- 

- 


9 

0 


20-3 



4 

4 

4 

- 


9 

0 

29/320 

6-1 

4 

4 


— 

— 


6 

6 


6-2 

1 


4 

4 . 

4 

4 


4 

4 


56-1 

4 


4 

4 

— 

- 


12 

0 


56-2 



-- 



- 


8 

0 


56-3 





- 

— 


5 

0 


57-1 

4 


4 

4 ■ 

4 

4 


13 

11 


■ 57-2 





■- 



11 

11 


57-3 



— 


— ' 

— 


8 

8 


57-4 



-- 

- 

— 

— 


■ 4 

3 


82-1 

4 “ 

4 , 

- 

4 

4 


9 

3 


82-2 



- 



— 


6 

0 


82-3 



— 

- 




8 

0 


82-4 








9 

0 


96-1 

4 - 

4 

4 


— 


9 

0 


96-2 



- 


4 

,4 


7 

0 


96-3 





4 

4 


6 

4 


96-4 





- 

4 


4 

0 


99-1 

; 4 

4 

4 

4 

— . 


8 

0 


99-2 

.... 


— 



__ 


9 

2 


99-3 



- 


4 

4 


8 

6 


99-4 




— 


4 


4 
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tions to the general rule, however, for some individual plants that had leaf 
symptoms at only the final reading produced diseased plants from all of their 
lateral buds, and others that were symptomless for as long as 3 months pro- 
duced infected plants from a majority of their buds (Table 5) . The groups 
of stalks of C.P. 29/320 that were symptomless constantly in experiments 
12 and 23 (all secondary shoots) also showed a higher percentage of diseased 
buds than did those that had symptoms at some time, but had recovered by 
harvest. While the number of stalks studied in these groups was too small 
for the results to be considered conclusive, these data, together with those 
for the symptomless stalks, indicate that stalks of C.P. 29/320 are more 
likely to be infected with the chlorotic-streak virus without showing leaf 
symptoms, than are those of the other 3 varieties studied. 

TABLE 5. — Occurrence of chlorotic streak in lateral huds of 4 varieties of sugar 
cane in relation to the constancy of leaf symptoms^ 

Occurrence of leaf symj>toins during tlie season^ 


C.B. 

variety 


807 23 21 49.8 5 iv xo.^ xx 

28/19 12 90 77.1 0 45.5 12 49.o 6 7.8 

29/103 23 39 83.1 1 55.1 2 40.0 L 0 

29/320 12 79 81.5 4 78.0 12 33.6 4 70.6 

29/320 23 70 77.0 15 63.4 9 41.9 13 45.0 

a Includes only those stalks observed for at least 3 months. 

b -f indicates symptoms present; — indicates symptoms absent. 

It is possible that in the recovered plants the virus had been present only 
in leaf and stalk tissues, and had not invaded the lateral buds. It will be 
noted in table 4, for example, that several stalks with leaf symptoms in the 
field produced apparently healthy plants when their buds were planted in 
the greenhouse. Later, when buds on stalks grown from these plants were 
germinated, only apparently healthy plants were produced. Itds possible 
that the buds on the original plants were never invaded by the virus. 

In the absence of some means of definitely determining the prasence^ of 
the virus in the plant other than the occurrence of the leaf streaks, it is diffi- 
cult to obtain positive proof of recovery. Considering all of the evidence, 
however, it seems reasonable to assume that at least some of the lateral buds 
on the stalks that apparently recovered had been invaded by the virus, and 
that the absence of the disease in the plants produced from them is indicative 

of recovery during or preceding germination. _ 

That the stalk and not the stool is the physiological unit involved m the 
distribution of the virus in the plant, or in recovery from the disease, is evi- 




Expt. 

No. 

+ 

continuously 

Alternating 
+ and - 
but + at 
harvest 

Alternating 
+ and - 
but - at 
harvest 

continuously 


Stalks 

Buds 

as. 

Stalks 

Buds 

as. 

Stalks 

Buds 

as. 

Stalks 

Buds 

as. 


No. 

Pet. 

No. 

Pet. 

No. 

Pet. 

No. 

PcL 

23 

21 

49.8 

5 

34.8 

17 

15.2 

11 

3.9 

12 

90 

77.1 

6 

45.5 

12 

49.5 

6 

7.8 

23 

39 

83.1 

4 

55.1 

2 

40.0 

2 

0 

12 

79 

81.5 

4 

78.0 

12 

33.6 

4 

■ 70.6 

23 

70 

77.0 

15 

63.4 

9 

41.9 

13 

45.0 
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dent from the data in table 4. The disease appeared in or disappeared from 
individual stalks of a stool irrespective of other stalks comprising the stool. 

MOVEMENT OF THE VIRUS WITHIN THE STOOL 

Natural Movement, The field studies indicated that chlorotic-streak 
virus spreads from infected to healthy shoots comprising a stool of sugar 
cane (Table 4). However, since the field-grown plants were exposed to 
secondary spread by insects, it was uncertain whether the appearance of the 
disease in previously healthy shoots of a diseased stool resulted from transfer 
by insects, or from movement into that shoot from another diseased shoot. 
Proof of such movement has been obtained with plants grown from diseased 
single-bud cuttings in steamed soil in an insect-proof greenhouse. The 
plants "vvere started in 4-ineh pots and later transferred to 4:-gallon cans, 
where they remained until several tillers had produced jointed stalks with 
mature buds. The results wdth several plants of the variety C.P. 29/320 
are presented in table 6. 

TABLE 6. — Occurrence of chtorotie streak’ leaf symptoms in secondary shoots aris- 
ing f rom diseased primary shoots of the sugar-cane variety C.P. ^9/SBO 


Symptomsain 

Plant No, 



Secondary shoots 




1 

2 

3 

4 

X2-2-1 

+ 

+ 




12-2-9 

+ 

+ 

+ 



40-1-1 


+ 

+ 

— 

_ 

40-1-10 

4- 





40-3-10 

+ 


- 

- 


85—3—6 

+ 

+ 

+ 

+ 



+ 

+. 

— 

+ 



« + indicates symptoms present j “indicates symptoms aUsent. 

The virus may spread to all of the secondary shoots (Plant No. 85 - 3 - 6 ) , 
to none of them. (Plant No. 40 - 3 - 10 ) , or to some and not to others. That the 
symptomless secondary shoots were not invaded was indicated w^hen the 
mature lateral buds produced on them were planted in the greenhouse, and 
the resulting plants remained free of chlorotic streak symptoms. It is possi- 
ble that the apparently symptomless shoots were invaded, but that the con- 
centration of virus was insufficient to induce the characteristic leaf symp- 
toms.' 

Effect of Scveri7tg the Primary Shoot. Removing the primary shoot from 
a stool of sugar cane usually stimulates the development of new secondary 
shoots and the growth of those already present. Presumably food materials 
stored in the underground portion of the stem of the primary shoot move 
into the secondary shoots in this process. The percentage of plants with 
ehlorotie-streak symptoms is generally greater in fields of ratoons than in the 
same fields when they were in plant cane, and it is possible that the appear- 
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ance of the disease in the shoots arising following ratooning may be corre- 
lated with movement of reserve food materials into them. 

To determine the effect of severing the infected primary shoot on the 
development of chlorotic streak in secondary shoots previously showing no 
indication of the disease, 6-month-old plants of the variety C.P. 29/320 grow- 
ing in 4-gallon cans in the greenhouse were selected, all of which showed 
chlorotic streak symptoms in the primary shoot, but none in any of the 
secondary shoots. There were from 1 to 6 secondary shoots per plant and 
each shoot had from 4 to 10 unfolded leaves. The primary shoot was cut 
from some of the plants immediately above the point of origin of the first 
secondary shoot, and the others were left as controls. At intervals there- 
after notes were made on the occurrence of chlorotic streak in the secondary 
shoots. The results of 2 typical experiments are presented in table 7. 

TABLE 7. — Bfect of severing the primary shoot on the appearance of chlorotic 
streak symptoms in the secondary shoots of stools of the variety C.F. fid/3W 

Secondary shoots 




Duration 
of expt. 

Treatment 

Number 

of 

At beginning 
of expt. 


At end of expt. 

Days 


stools 

Total 

No. 

With C.S. 

No. 

Total 

No. 

WithC.S. 

No. Pet. 

90 

Control 

10 

16 

0 

54 

6 

11.1 


1 shoot severed 

10 

28 

0 

57 

32 

56.1 

30 

Control 

6 

15 

0 

15 

6 

40.0 


1 shoot severed 

8 

18 

0 

21 

16 

76.2 


It is ajiparent that removing the infected primary shoot stimulated the 
movement of the virus into the secondary shoots. Approximately twice as 
many in one experiment, and 5 times as many in the other, developed symp- 
toms of the disease in the treated as in the untreated plants. Similar results 
were obtained when the primary shoot was removed from plants grown from 
infected seed cuttings, but in which all shoots had remained syniptomless 
up to the time the primary shoot was severed. 

Since reserve food materials presumably moved from the underground 
portion of the stem into the secondary shoots following the cutting of the 
primary shoot, it may be assumed that the appearance of chlorotic streak in 
the secondary shoots was correlated with this movement. Such an assump- 
tion offers a plausible explanation for the commonly observed higher inci- 
dence of chlorotic streak in ratoons as compared with plant cane in the field. 
Presumably this results from the development of symptoms in plants that 
are infected as plant cane, but in which foliage symptoms do not appear until 
they are ratooned. It is recognized that the plants in these experiments, in 
which infection was primary, Ic., from the seed cutting, were not strictly 
comparable with field-grown plants which become infected through secon- 
dary spread by insect vectors. However, in both instances, the physiological 
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j)rocess of ratooiiing and tlie consequent movement of the virus into the new 
shoots would be analogous. 

DISCUSSION 

The studies reported in this paper explain the often-observed transient 
nature of chlorotic streak in the field, showing that the apparent decline 
in incidence of the disease during the season of rapid sugar-cane growth in 
summer results from loss of foliage symptoms through the senescence of 
streaked leaves and the absence of streaks in the new foliage. In general, 
this was associated with a reduction in the number of infected buds, but com- 
plete recovery in both foliage and buds apparently occurred in a relatively 
small percentage of the stools studied. The majority of the plants were only 
transiently symptomless. 

Prom a practical standpoint, the significance of the results lies in sho'W- 
ing the desirability of roguing seed-cane plots for chlorotic streak early in 
the season, in May and June, before the rapid summer growth begins, 
and befox'e many infected xdnnts lose external symptoms of the disease. 
Although the percentage of completely symptomless infected stools at any 
one time during the season was not high for C.P. 29/320, it was considerable 
for C.P. 28/19 and C.P. 807 (Table 3). Considering also the greater diffi- 
culty of detecting the often inconspicuous symptoms in the larger cane dur- 
ing the summer, as w^ell as the greater expense resulting from the increased 
time required for inspecting the taller cane, the importance of early roguing 
is further apparent. I^ractieal experience has shown that if the diseased 
stools are eliminated in May and June, infection may be reduced to a very 
low point without summer roguing (1, 2, 3). 

The sugar-cane varieties studied differed in the extent to which shoots 
and buds of infected plants were diseased. This may have been the result 
of more restricted movement of the virus in the plants of some varieties, a 
greater degree of recovery, or both. These diffei^ences in relative degree of 
distribution of the virus were not correlated with relative susceptibility to 
infection. C.P. 807, for example, which is about as susceptible to infection 
as C.P. 28/19 (4), recovered from foliage symptoms to a considerably greater 
degree than the latter variety, and the virus was present in a lower percent- 
age of the secondary shoots and lateral buds. Likewise, C.P. 29/320, which 
is near C.P. 29/103 in susceptibility to infection (4), showed a greater degree 
of foliage recovery and a lower percentage of infected lateral buds. Varie- 
ties of equal susceptibility to infection also differ in the extent to which their 
germination and yields are reduced by the disease (4). It is apparent, 
therefore, that a true appraisal of the importance of the disease in a variety 
must take into account its ability to recover from and to resist the deleterious 
effects of the virus, m well as its suBceptlbility to infection. 

The possibility that sugar-cane plants may harbor the virus of chlorotic 
streak without showing the characteristic leaf streaks, introduces an element 
of uncertainty into experimental work, the results of which depend on deter- 
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mining the presence or absence of the virus in a plant. Admittedly, some 
of the results reported in this paper may have been influenced to some extent 
by this uncertainty. It was found, however, that in the greenhouse, leaf 
symptoms could be induced in many plants that were previously symptom- 
less, by a heavy application of NaNOg. Plants that failed to develop symp- 
toms following this treatment did not subsequently show any indication of 
the presence of chlorotic streak, even though some of them or their progeny 
were carried for 2 years in the greenhouse. It is believed, therefore, that 
the number of plants in these experiments that may have harbored the virus 
without showing symptoms is very small, and that the results were not 
affected materially thereby. 

summary 

Chlorotic-streak-infected sugar-cane plants became symptomless through 
the loss by senescence of the streaked leaves, and the temporary or perma- 
nent failure of symptoms to develop in the foliage subsequently produced. 
Less frequently, foliage recovery occurred through the restoration of the 
normal green color in faintly chlorotic areas of diseased leaves, but disap- 
pearance of well-defined streaks from affected tissues was not observed. 

On the whole, the extent of infection of the buds was correlated with the 
severity of foliage symptoms, and was greater in those plants that had symp- 
toms continuously than in those that showed temporary or permanent loss of 
symptoms. However, loss of foliage symptoms was not necessarily associ- 
ated with disappearance of the virus from the stalks: in some plants the 
presence of the virus in the buds was demonstrated several months after the 
leaf symptoms disappeared. 

Some buds from infected stalks produced apparently healthy plants on 
germination. It is assumed that this was the result of actual recovery from 
the disease, although it is possible that these buds had not been invaded by 
the virus, or that the concentration of virus w'as insufficient to induce the 
characteristic leaf symptoms. There was a tendency for the buds on the 
upper segments of the stalks to have greater freedom from the disease than 
the lower. 

The sugar-cane varieties studied differed in the extent to which shoots 
and buds of infected plants were diseased. This may have been the result 
of a more restricted movement of the virus in the plants of some varieties, a 
greater degree of recovery, or both, 

The stalk rather than the stool of sugar cane "was found to be the physio- 
logical unit involved in the distribution and movement of the virus in the 
plant. The disease appeared in or disappeared from individual stalks inde- 
pendently of the rest of the stool, 

Eemoving the infected primary shoot from a stool of cane with initially 
healthy secondary shoots caused a marked increase in the number of diseased 
secondary shoots. It is postulated that the appearance of the disease in the 
secondary shoots may have been correlated with the movement of reserve 
materials into them from the underground portion of the stem of the infected 
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primary shoot. This offers a plausible explanation for the greater incidence 
of the disease in ratoons as compared with plant cane. 

Division OP Sugar Plant Investigations, 

TJ. S. Department OP Agriculture. 
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PHYTOPATHOLOGICAL NOTES 

Yirits Diseases of Guayule. — ^The reactions of guayiile seedlings to a 
number of plant viruses have been tested experimentally. 

Ordinary tohacco-mosaic virus. Guayule seedlings were experimentally 
infected with ordinary tobacco-mosaic and tobacco-ring-spot viruses by me- 
chanical inoculation using the carborundum niethod. Seedlings inoculated 
with the tobacco-mosaic virus developed small necrotic areas on the inocu- 
lated leaves but not on those newly developing. The virus was recovered 
and transferred to Nicotiana ghitmosa from the inoculated leaves but not 
from the newly developing leaves. Local lesions appeared on the inoculated 
leaves of N. ghitinosa. The infection of guayule seedlings was local and 
not systemic. 

Tohacco-ring-spot virus. Several hundred guayule seedlings inoculated 
with the tobacco-ring-spot virus were syinptomless carriers of the disease. 
The virus was recovered from the inoculated leaves and transferred to Nico- 
tima glutinosa. The infection was local and not systemic. 

Cucumber -mosaic viruses. Fifty-five potted guayule seedlings were non- 
susceptible to western cucumber-mosaic virus, and 30 seedlings were iion- 
susceptible to the ordinary cucumber-mosaic virus. In fiats containing 
approximately 100 plants, no infection was observed. 

Celery-mosaic viruses. There 'was no infection in 50 potted 'guayule 
seedlings inoculated with virus of western-celery-mosaic, nor in 25 seedlings 
inoculated with celeiy-ealico virus. Plants growing in flats also were non- 
susceptible. 

Beet-mosaic virus. Twenty-flve potted guayule seedlings were noii-sus- 
ceptible to the beet-mosaic virus, as were approximately 100 plants grown in 
flats and inoculated with this virus. 

Sugar-beet curly-top virtts. Lots of 20 infective beet leafhoppers, Eutet- 
fix tenellus (Baker), were used to inoculate guayule seedlings with the 
curly-top virus but no symptoms of tfie disease developed. Noninfective 
beet leafhoppers failed to recover the virus and transfer it to healthy sugar 
beets. Nymphs which hatched from eggs deposited in guayule seedlings 
died, 

Calif ornia-aster-yellows virus. Attempts were made to infect guayule 
seedlings with the Calif ornia-aster-yellows virus. The following species of 
leafhoppers, vectors of this virus, were used to inoculate the plants and non- 
infective adults of each species failed to recover the virus and transfer it to 
healthy aster and celery plants: short-winged aster leafhopper, 
clivisus (Uhl.) ; long-winged aster leaf hopper, a race of the same species, iff. 
din mountain leaf hopper, Colladonus montanus (V, D.); geminate leaf- 

hopper, Idiodonus geminatus (V. D.) ; Phlepsius lathropi Baker, P. latipex 
De L., P. spat%ilatus Y./D., Aeinopterus angulatus Law., and Oloanthanus 
irroratus (V. D.). 
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Toxic saUvarij secretion. The toxie salivary secretion of Xerophloea 
vanduzeei De L. induces some of tlie symptoms closely resembling curly top 
on sugar beets and aster yellows but this leafhopper failed to produce symp- 
toms on guayule seedlings.— Henry H. P. Severin, Guayule Research Proj- 
ect, Bureau of Plant Industry, United States Department of Agriculture 
and College of Agriculture, University of California. 


The Sooty Stripe Disease of Sorghiim.— The fungus, Titaeospora andro- 
pogonh (Miura) Tai, deseribedb as the cause of a serious leaf disease of 
Kaoliang sorghum in China and Manchuria, w^as first reported in the United 
States in 1942.^ Since then the fungus has apparently been spreading in 
Louisiana, and Mississippi and at this time it seems advisable to present the 
information which is now' available concerning the disease it causes. 


Fjg. 1. Lesions caused bj Titaeospora andropogonis on leaf of sorghum. Natural 


In many respects the disease (Pig. 1) resembles the leaf blight caused by 
Helminth osporium turcieum Pass, The lesions are elongate elliptic, up to 
several centimeters long and 1-2 centimeters wide, rather regular in outline, 
light brown to grayish in the central portion, and bordered by a narrow to 
broad deep red margin. On the lesions, nnmerons, small, rough, spherical 
or subspherical black bodies are usually present, though these are easily 
brushed olf. The occurrence of the black bodies readily distinguishes the 
disease from leaf blight, and it is due to their presence that the name sooty 
stripe is suggested. In Manchuria the black bodies appear in late autumn,^ 
but in the Uiuted States they have been observed as early as July. 

of principal crops in Maneburia. Koslmrei Agr. Exp. 8ta. 
of the 8. Maimhurian Railway Co.,, Beport No. 11. Jan., 1921, 

s Bain, B, 0., and 0. W. Bdgerton* Two leaf -spot diseases on sorghum and related 
grasses. Phytopath, L B41 ; 







Tims far, the disease has been reported only in China, Manchuria, and 
= the United States. In Louisiana and Mississippi, it has been found on 

^ several varieties of sorghum and on Johnson grass (Holcus halepensu), 

Z Miura described the fungus in 1921 and placed it in a new genus, 

,, Bamulispora, In 1932, however, Tai^ redescribed it and placed it in the 

i genus Titaeospora described by Bubak"^ in 1916. Miura 's description of the 

' fungus is as follows: '^Conidiophores hyaline, non-septate, slender, 20-35 

: X 2.5 p, springing from subepidermal black stroma. Conidiospores cylindri- 

cal, flexuose, slender, branched, 4r-12 septate, not restricted at septum, 

\ 36-100 X 2-4 p, granular, hyaline, Chamydospores intercalary or terminal, 

i usually several in a chain, yellowish brown, globose or ovate, about 15 p in 

diameter, with a few small spinules.'’ The black bodies were referred to as 
; ‘ ' black bodies of unknown nature. ' ' Studies in Louisiana indicate that these 

I black bodies are sclerotia and are possibly formed after sporulation. While 

1 Miura placed the fungus in the Melanconiales, recent studies indicate that 

I the fruiting structure is not a typical acervulus but rather a sporodocbium 

■j which arises immediately below the stomate. Whether Miura ^s ‘^subepi- 

I dermal black stroma” is formed before or after sporulation is a matter yet 

I to be determined. 

In eultui'e the fungus grows slowly and the mycelium forms a rather 
; dark greenish-gray clump. Conidia are produced in abundance in pinkish 

i thread-like masses in 3-4 days after transferring, Conidia germinate readily 

^ within 20 hours. No sclerotia have been observed in culture. Ghlamydo- 

^ spores develop readily in bean-pod agar, 

j Johnson grass and several varieties of sorghum in the greenhouse and 

held were inoculated iu the spring and summer of 1942, Infection was 
I obtained, usually 8-10 days following inoculation, but symptoms as de- 

i scribed previously did not appear by September. The fungus was recovered 

I from the small, round to elliptic spots which resulted from the inoculations, 

j The spots attained their maximum size on the sorghum varieties, White 

i Kaoliang, C.P. Special, Standard Broomcorn, and Dwarf Yellow Milo.— 

I DougiuAs C. Bain, Department of Botany, Louisiana State University, Baton 

j Bouge, La. 


BMzoctonia Foliage Disease of Hevea hrasiliensis.—DiXTmg a study of 
Rhizoctonias affecting sugar-beet foliage opportunity was afforded to com- 
pare these organisms with a fungus affecting leaves of Hevea Ibrasiliemis 
(H.B.K.) Muell. Arg. Specimens of the affected leaves had been referred 
to this Bureau by Rolland C. Lorenz, of the Agricultural Experiment Sta- 
tion at Tingo Maria, Peru. The Hevea leaves examined had spots varying 
fi*om 1 to 10 mm. or more in diameter to blighted areas involving one-half to 
two-thirds of the leaf blade. The affected areas were commonly surrounded 
by a narrow, brown border. Within the border a portion of the affected 
area was white, attributable to the destruction of the parenchyma, the trans- 

Tai, F. L, Notes on Chinese fungi, I. Nanking tloum, 2; ITl-lTS* 19S2, 
^Bubak, P. Pike von verschiedene Standorten, Ann. Myeol. 14: B41-B62. 1916* 
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parent cuticle being left. The white portions of the spots apparently re- 
sulted from primary invasions. Successive advances of the fungus from the 
earlier invaded tissues occurred and were evidenced by collapsed tissue, 
usually light brown, surrounding the older spots. Brown-tinged, Rhizoc- 
tonia-like mycelium was found on the surface of the leaves. 

Microscopic examination of the fungus found on the leaves collected 
at Tingo Maria, Peru, showed it to be of Ehizoctonia type. Distinct 
rhizomorphs, as reported for PeJZicitlariffl feflZerop® (Cke.) Rogers on various 
hosts, were not present. The hyphae measured 6.5 p in diameter. The per- 
fect stage of the fungus occurred as grayish white, powdery areas on both 
sides of the affected leaves. Judging by their abundance, the basidiospores 
could be a major factor in dissemination. 


Fig, 1, Ehizoctonia foliage disease o.f Mevea hrasiliensis, A. Comparison of a 
healthy He?ea leaf (left) with infected leaves. The leaf in the center is a naturally 
infected leaf collected at Tingo Maria, Peru. The leaves at the right were artihcially 
infected with a pure culture of the fungus (E435) isolated from the material from Peru 
(0.25 x), B. Perfect stage of the organism as produced from an artificial inoculation 
with the pure culture. In naturally occurring infections, larger areas on both dorsal and 
ventral surfaces Of the leaf may be covered by the spore-producing stage of the fungus 

The causal fungus was isolated from a diseased leaf and its pathogenicity 
tested on greenhouse-grown, rubber-plant seedlings. From a resulting 
leaf spot the fungus was reisolated and used to inoculate young and old 
leaves of rubber plants as before. At 21'" to 25'" C. and with relative hu- 
midity at 90 to 100 per cent, infection of young leaves occurred in 5 days 
(Fig. A) and the perfect stage developed 4 or 5 days later (Fig. I, B), 
Leaf penetration wto effected from minute infection eushionKS. No rhizo- 
morphs were found. 

On sugar beets under similar environmental conditions foliage infection 
and formation of the perfect stage of the fungus occurred in 10 to 15 days. 
The fungus did not cause damping off of sugar-beet seedlings or the rotting 
of mature roots. 
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The perfect stage arises from the A^egetative mycelium as elosel.y inter- 
twined, more or less clichotomously hranehed, hyphae tightly adherent to the 
leaf surface. The basidia are termiual and bear four sterigmata and spores. 
The sterigmata are approximately the same length as the longest diameter of 
the basidiospores. Fifty spores obtained from one of the infected leaves of 
a rubber plant were measured and averaged 8.2 x 3.7 p. This spore size 
and other characters of the fungus conform with Pellicularia filamentosa 
( at.) Eogers/ as recently proposed. It is to be noted, however, that the 
peifeet stage of. the Rhizoctoma affecting Hevea foliage is composed of 
tightly intertw'ined hymenial cells and is strongly adherent to the surface 
of the leaf on which it is fonned. It is not readily removable. This is in 
contrast to the loose, rather filamentous structure of the hymenial stage 
of many other representatives of this admittedly composite species. 

The mycelial mat of the fungus when grown on potato-dextrose-agar 
medium, is brownish black* (5 YK 0.7/0.8*) and the substrate is heavily 
darkened as result of the growth of the fungus. The selerotia are loose 
textured and, rather uniformly, about 2 mm. in diameter. The perfect stage 
of the fungus was not observed to occur oji this medium. — John E. Kotiua, 
Pathologist, Division of Sugar Plant Investigations, Bureau of Plant In- 
diTstry, Soils, and Agricultural Engineering, Agricultural Research Ad- 
ministration, United States Department of Agriculture, Beltsville, Md. 

Coiton-Leaf-Spot Rhizoctonia and Its Perfect Stage on Sugar Beets. 

In connection with determining the pathogenicity to sugar beets of several 
isolates of Rhizoctonia, an organism, isolated by D. C. Neal from a leaf of 
cotton affected with Rhizoctonia leaf spot, was included.’- 

Under conditions favorable for damping off of seedlings and rotting of 
older roots of sugar beets the cotton-leaf-spot Rhizoctonia was pathogenic 
on seedlings causing a damping off that started 3 or 4 days after emergence 
of the seedlings and in 10 days reduced the stand to 61.5 per cent of the 
control. 'The fungus was not pathogenic on older roots. 

The eotton-leaf-spot Rhizoctonia was mildly pathogenic on the foliage 
of sugar-beet plants kept at 21° to 25° C. and a humidity of 90 to 100 per 
cent. Infection occurred in 4 days after inoculation but the infected areas 
remained small. Ten days after inoculation the largest area measured 
approximately 2 X 4 cm. 

The mycelium of the fungus grew over the surface of the leaf from the 
sand-eorn-meal inoculum as well as from the infected spots and produced 
the perfect stage of the fungus (Fig. 1), which according to NeaP has 
not been observed on cotton. The hymenial stage appears as a grayish white 
The genua Pellioularia (Thelephoraeeae). Farlowial: 96-318. 

lu4o, 

04 . ^ Kenrietli L, Kellj, Method of designating colors. Natl. Bur 

Standards Bea. Paper Bpl239. 1939. , ^ x>ur. 

Book of Color. Beyised Text, 1942. Miingoll Color Company, Inc., Balti- 

i Neal, B. C. Bhizoctonia leaf spot of cotton. Phytopath. 84: 599-602. 1944. 
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powdery growth, readily removable for microscopic examination when 
■wetted w'ith a fine spray of water. 

The hymenial cells, basidia, sterigmata, and basidiospores are similiar 


Pia. 1. Sugar-beet leaf affected by the cotton-leaf-spot Shizoctonia. The dark, 
sunken spots are the invaded portions of the leaf. The raised, cottony masses on the leaf 
surface are vegetative mycelial growths from the inoculum. The perfect stage of the 
fungus was produced on the leaf surface and appears as a white, powdery growth. The 
white areas (a) at the top and center of the photograph show the more pronounced de- 
velopment of hymenial structures, but along the veins and rather generally on the leaf 
surface, other hymenial aggregates occur. 

to BMzoctoiiias formerly grouped as Oorticmm vagum B. & C. In 50 
measuremeats, spore size averaged 8.8 x 6.9 p. The sterigma length was 
approximately equivalent to the longest spore diameter. 
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Spore size and other eharaeters place the fungus in the species Pelli- 
cullaria filament osa (Pat) Rogers^ as recently proposed.— John B. Kotiha, 
Pathologist, Division of Sugar Plant Investigations, Bureau of Plant In- 
dustry, Soils, and Agricultural Engineering, Agricultural Research Ad- 
ministration, United States Department of Agriculture, Beitsville, Md. 

The Lofigevity of the Pathogen Gaming the Wilt of the Common Beam — 
In 1930 the writer^ pointed out that the pathogen Corynehacterium flaccum- 
faeiens (Hedges) Dowsoii, the cause of the wilt of the common bean, is a 
bacterium very tolerant to the environment under which it is found and that 
it can remain viable in dried leaves in the herbarium for at least 5 years. 
Later Christow^ in Germany presented evidence which indicated that the 
pathogen could remain alive for 7 years in bean seed. The 7-year-old seed 
he used germinated and gave rise in a few cases to wilted plants typical of 
the disease. 

Recent tests by the writer show that Cory nebaeterium flaccunifacmis will 
live for 24 years in association with bean seed under room conditions. In 
1919 a handful of infected White Marrow bean seed was collected and stored 
in a screw-top glass container, labeled, and placed on a shelf in a laboratory 
at Cornell University. All these seed had definite yellow varnish-like lesions 
more or less typical of the wilt disease. After 15 years of storage, experi- 
ments were conducted to determine whether or not the pathogen in the seed 
w’as still viable and virulent. Dilution plates were made from 3 different 
seed and in each instance yellow bacteria were isolated that appeared in all 
respects to be G. flaccumfaciens. Inoculations on Red Kidney bean plants 
growing in the greenhouse proved that the bacteria were pathogenic. At the 
end of 20 years, in 1939, similar experiments were conducted with like 
results. In 1943, at the end of 24 years storage, three seed again were 
tested, but only one yielded viable and virulent cultures, and in this instance 
the colonies were not so numerous on the plates as they had been in the 
previous tests. The following year the remaining seed, 10 in all, were tested 
for living bacteria, but in no ease were any organisms found that were able 
to grow. Twenty-four years appears to be the limit of the pathogen’s via- 
bility under the conditions in which they were stored. The room was warm 
and dry, but not excessively so. The bacteria also were further protected 
underneath the seed coat where they had dried down in the plant juices and 
w^ere not exposed to the changes, however slight, that went on in the tight 
glass container. In some respects the pathogen was treated and stored under 
conditions somewhat similar to those of the Swift method*^ for desiccating 
and storing bacteidal cxiltiires. 

2 Bogers, Donald P. The genus PelUeuIaria (Thelephoraeeae) . Farlowia 1 : 96-118. 
1943. ■ 

3. Burkholder, Walter H, The baeterial diseases of the bean: a comparative study. 
Hew Tork (Cornell) Agr, Exp, Sta. Mem. 127: 36. 1930. 

2 Christo w, Alexander. Einige Versiiche liber die Bakterienkrankheiten bei Bohnen, 
Phytopath. Ztsehr. 7: 537-544. 1934. 

a Swift, H, E. A simple method for preservhig bacterial cultures by freezing and 
drying. Jour. Bact. 33; 411-421. 1937. 
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Xanthomonas phaseoli (Smith) Dowson, on the other hand, is not sup- 
posed to remain viable in or on the bean seed for much over a year. Kapp^ 
states that this pathogen is dead in 2- and 3-year-old seed, and Christow- 
found them non-viable in 7-year-old seed. As far as the writer is aware, 
nothing has been published on the longevity of Pseudomonas phaseolicola 
(Burkholder) Dowson, the cause of halo-blight of the bean.— Walter H. 
Burkholder, Department of Plant Pathology, Cornell University, Ithaca, 
N. Y. 


Pkmna terrestris on Sugar-Cane Itoois in Louisiana.— Phoma terrestris 
has been isolated many times during the years 1942 to 1944 from the roots 
of a number of cane varieties secured from various localities in Louisiana. 
The same fungus has been isolated also from onion, garlic, sweet clover 
{MelUotus indim), and corn roots as well as from cane, rice, and cotton 
soils. All isolates were identical in their cultural and morphological charac- 
ters. The identity of the fungus was verified by Dr. E. C. Tims. The pyc- 
nidial stage was readily obtained with all isolates on potato-dextrose agar 
at room temperatures in subdued daylight. 

Inoculations of the cane-root isolates into corn roots were made as fol- 
lows: yellow corn seeds were germinated under sterile conditions in moist 
chambers. When the corn roots were from a half to one inch in length, a 
small piece of agar bearing the actively growing fungus was placed at the 
tip of each. After inoculation, the plates (moist chambers) were incubated 
at room temperature and in the dark. After 7 to 15 days, the results were 
obtained. Cross and longitudinal sections (free-hand) of the affected por- 
4ions of the inoculated roots were made. It was found that after one w^eek 
the fungus had usually penetrated the cortex and in some instances the stele 
as well, although the cortex was the region more generally attacked. All of 
the isolates of Phoma terrestris gave similar results. The tissues affected by 
the organism turned red-brown. Very often the invaded host cells were 
entirely filled by the mycelium. The endodermis showed great resistance to 
the entrance of the fungus mycelium. The roots usually do not get flabby ; 
some get stiff. Other isolates from onion, garlic, and corn, inoculated into 
corn roots, gave similar results. 

These findings demonstrate that Phoma terrestris is widely distributed 
in the soils of the State of Louisiana and most of the isolates penetrated and 
invaded the tips of the corn roots under laboratory conditions as stated 
above. — ^Fernando Gahvajal, 515 Nowlin Ave., Lawrenceburg, Ind. 

0. W. Aged, bean seed, a eontrol for bacterial bligbt of beans. Science 
aO; 568. 1919. ® 



ERNEST ADAM DOPP 
1896-1944 

R . D . Rands 

The xiiitimely death on September 24, 1944, of Mr. Erne>st A, Dopp out 
short a produetive investigator in the prime of his career. Mr. Bopp was 
Assistant Pathologist in charge of the U. S. Sugar Plant Field Station at 
Canal Point, Florida. There he collaborated on sugar-cane breeding and 
the testing of varieties for disease resistance. 

He was born September 12, 1896, at Superior, Wisconsin, the yoiinger 
son of a family of horticulturists and gardeners. He graduated in 1917 
from a teachers’ training course at the Superior Normal School and was 
immediately drawn into the military service of World War I. Upon dis- 
charge, he taxight for a year in high school and in 1920 entered the Univer- 
sity of Wisconsin. There he obtained the B.A. degree in botany in 1922 
and M.A. in botany and plant pathology in 1924. B^i’om 1924 to 1927 he was 
an instructor in botany at the University of Minnesota where he pursued 
some further graduate studies. 

Bopp’s service iu the Bureau of Plant Industry, U. S. Department of 
Agrieuiture, extended from September, 1928, until his death ; first, for two 
years in collaboration with the late W. W. Gilbert on joint investigations of 
cantaloupe and melon diseases, and from 1930 to 1940 with the present 
writer on diseases of sugar cane. He became an authority on identification 
of species of Pi/i/rn/m connected with root rots and made extensive studies 
of the mosaic virus and fungus leaf diseasevS, most of which remain unpub- 
lished. In 1940, he was transferred from Washington, D. C., to Canal Point, 
B'lorida, to take charge of the Department’s sugar-cane breeding station 
where his cane disease studies along with vain etal resistance tests were 
continued. 

Dopp had a special gift iu mathematics, which led him into extensive 
studies of statistical methods iu agrieuiture and especially experimental 
designs for greenhouse and field tests. Because of his reluctance and even 
dislike of formal publication, this work might have been lost but for his 
unselfishness in communicating his ideas and results to associates. 

Ernest Dopp exemplified to the highest degree those essential qualifica- 
tions of modesty, generosity, an analytical mind, adept craftsmanship, and 
technical ability for effective teamwork and harmonions cooperative research. 
Thus, in the later years he became aix indispensable member of the sizable 
group of federal and state workers devoted to the closely (coordinated sugar- 
cane improvement projects. Although results of work in which he was 
engaged are unsuited for frequent individual pubUeatiou they have been 
none the less spectacular in the constantly increased yields of sugar cane 
throughout the Gulf States. His loss will be sorely felt. 
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EENEST ADAM DOPE 
1896-1W4 


He was author of the following publications : 

An epidemk outbreak of red stripe disease of sugar eaue iiud the reaction of some seed 
(^iIiTd^ Teclmol. Free. Bull. 4ti. UKK. 

Variability in PuMum arthenomaneu in relation to root rot of sugar cane and corn 
Jour, Agr. B«, ID.S.149! 189-221. 1034. (With B. D. fiArosT 

.laftMtiet of etrtala humM mU. isOTiiitltimte on mwity of Frtljium root rot of Hiiffai 
■ mm. Jour. Agr* Urn, (tIJ*] 50t 1938. (With Hi B. Kakdb;) ' " . 

Pjthimn root rot of itifnr feant. IT, B, Bopt. Agr^ Toein BuL 6«6. t93S. (With K. D. 



VIABILITY AND INFECTION OF LIGHT AND 
HEAVY COTTON SEEDS' 


C . H . A R X D T 

(Aceeptofl for publication April *20, 1945) 

Cliester- has published observatioiLs ou the g'ei’uiinatioii of aeid-delinted 
00 1 ton seed wliieli had been separated into liglit and heaTv seeds on the basis 
of their speeifie gTavity relative to that of water. His generalized data 
indicate superior value for the heavy seeds. Similar methods have been 
used to sepiirate sound from defective seeds in other plant species/' This 
paper is a summary of studies made or supervised by the writer to aseertain 
tlie general applieability of Chester’s observations to typi(‘al lots of (udton 
seed produced in. the United States. 

METHODS 

The seeds were prepared by a method similar to that used by Chester. 
About 300 g, of seeds of each lot were acid-del inted with coiicent rated 
sulphuric aidd, after which tlie acid was removed by washiug with water. 
During this process, but wlum not agitated, tlie seeds were separated into 
fioating and submerged, or liglit and heavy, seeds. The two fractions were 
then air-dried and stored in the lab()rat()ry until it was convenient to test 
germination. The percentages of light and heavy seeds were ascertained 
froin their air-dry weights. 

Several methods were used t() deterniiiie the percentage of germination. 
The 1934 lots of seed were germinated on paper toweling in covered trays at 
30° C. In later studies, Ceresan-treated seeds were germinated in trays 
of steamed sand. For each test, 100 seeds regularly spaced and planted at 
a uniform deptli were observed for 14 days or slightly longer. 

When it was desired to ascertain the percentages of infected seeds, from 
40 to 80 seeds of each sample of light and heavy seeds were germinated on 
sterile non-nvitrient agar in test tubes, one seed to each tube. Immediately 
before germination, the seeds were surface-sterilized by immersion for 2 
minutes in a solution of HgGL in 50 per cent ethanol (2.5 g./L), after which 
they were washed briefly with sterile water. Previous studies had indicated 
tliat Ceresan, which is commoidy used to treat seed before planting in the 
held, could not be used, because of its adverse effect on germination when 
seeds are germinated on agar. The seeds were incubated for 14 days at 23° 
(1 At the end of this period, notes were taken on germination; and the 
infecting fungi, when present, were identified. All data have been adiusted 
to a percentage basis for convenienee in making coiiiparisous. 

1 Technical contribution No. 123 of the Booth CVirolina Agricultural Experiment Bta^ 
tion. Investigation made in cooperation with the DiviBion of Potton and Other Piber 
Crops and diseases, Bureau of Plant Industry, XT. H. Department of Agriculture. 

Chester, K. 8. Gravitv-grading, a method for reducing seed'borne dkease in cot- 
ton, Phytopath. 28 : 745-749, 1938. . ; 

Baldwin, H. I, Alcohol separation of era|)ty seed, and its effect on the germina- 
tion of red spruce. Amer. Jour. Bot. 19 ; 1-11, 1082. 
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RESULTS 

BcMwe Percentages and Weights of Light and Heavy Seeds. Tlie re- 
sults, as summarized in tables 1, 2, 3, and 4, sIioav a range in tbe percentage 
of light seeds from 4 for the variety Half and Half to 94 for the variety 
Qnalla (both in table 1). 

The percentage of light seeds was relatively high in all lots of the variety 
Wilds, the lowest percentage being 47 (Table 1). The percentages for 9 


TABLE 1 , — Ferct niaf/e germination, weight per WO seeds, and percentage of light 
svi ds for W lots of cotton stwd of the crop of 19d4, arranged in order of percentage of 
light iiceds 


Varietj 

State 

of 

origin 

Weight 
per too 
seeds 

Germination 

Light 

seeds 



Grams 

Fer cent 

Percent 

Half & Half : 

Ga. 

8.6 

94 

4 

Cook 

Ala. 

9.0 

86 

5 

Dixie Triumph 

S. 0. 

9.8 

61 

13 

Stoueville 


8.7 

91 

16 

Mexiesiii Big Boll 

.N..,C. 

12.5 

93 

16 

T)PL-ii ; ; 

Miss. 

8.7 

82 

19 

Dixie Triumph 

ClevelaiHi ' 

S. 0. ■ 

9,4 

74 

21 

H. C, 

9.a 

58 

23 

Triumph 

Okla. 

10.5 

65 

24 

Ark ungas No. 17 

Ark. 

10.6 

95 

31 

Buper-7 , ; 

vS. G. 

10.7 

70 

33 

■ Misidet 

Miss. 

9.7 

78 

36 

Farin .Relief 

s. a 

11,8 

69 

38 

Wilds 

S. G. 

12.5 

80 

47 

Startex 

Texas 

10.0 

89 

59 

Row'den 

Ark, 

10.8 

90 

63 

Aciihl 

Okla. 

ILO 

89 

69 

Qiialla 

Texas 

10.0 

86 

94 


other lots of Wilds seed, representing* the 1938 to 1941 crops, were 70, 80, 60, 
94, 93, 84, 94, 80, and 63. The last 6 lots listed were grown in 1940 in differ- 
ent k)(;alities of northeastern South Carolina. The g’ermiiiation of the light 
seeds of this variety was generally high, or 75, 85, 90, 3, 88, 79, 69, 42, and 77 
per cent, respectively , for the nine lots. The corresponding perceiitages for 
the heavy seeds were 90, 92, 92, 22, 80, 91, 84, 80, and 95. The low viability 
of the fourth lot was due to exposure to prolonged rainfall in the field before 
pietking. The mean seed weight of the variety Wilds was generally high, 
as shown by the mean weights of 12.5 g. and 11.5 g. per 100 nongraded seeds 
(Tables 1 and 2). 

That high seed weights tend to be associated with high percentages of 
light seeds in other varieties is indicated by the data of the several tables. 
Thus, if the lots listed in tables 1, 2, 3, and 4 are arranged into groups ac- 
coi'ding to the mean weights of the seed, or weights of 8,0 to 8.9, 9,0 to 9.9, 
10.0 to 10.9, and 11.0 to 12.5 g. per 100 seeds before flotation grading, the 
mean pereentagm of light setdi for; each -group witl be -17, 27, 36, and 41, 
respectively. Similarly, although grown in the same county and ])resiini- 
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TABLE 2. — Comparative data 07i sMers and floaierfi in 1:3 lots of cotton seed pro- 
duccd in 19 SS 


Variety and State 
of origin. 


^Veight of 100 seeds 

Germimition 

Light 

seeds 

after 

vacuum^ 

seeds 

Heavy 

seeds 

Light 

seeds 

Heavy 

seeds 

seed.s 


Per cent 

Grams 

Grams 

Per cent 

Per cent 

Per cent 

Aloxican B.B., N. C 

G 

11.6 

12.4 

91 

82 

58 

Farm Belief, S. C 

....... 19 

9.3 

8.5 

82 

80 


Oarolinadel, S. C. 

21 

9.8 

8.2 

90 

65 


Acala, Calif. 

22 

12,3 

11.7 

89 

82 


Dixie-Triumpli, S. 0 

27 

10.1 

9,6 

93 

68 


BPL, S. C. 

27 

9.7 

8.4 

96 

77 


Miller, Aliss 

27 

10.6 

9.5 

91 

69 


BPL, S. G. 

33 

10.2 

8.1 

72 

71 

30 

Dixie-Triumph, S, C 

38 

10.0 

9.8 

83 

75 

12 

Farm Belief, S. G 

42 

10.0 

9.6 

96 

84 

12 

Wilds, S. C 

70 

12.6 

11.0 

90 

68 

28 

Acala, Okhi, 

81 

7.0 

7.0 

34 

14 

11 


41 Pereeiitage of light seeds of original separation whi eh still floated after being 
suljjeeted to a vacuum equivalent to 50 cm. of mercury while immersed in watiu*. 

ably from the same original seed stocks^ the four lots of Coker 4-in’-l (Table 
3) Iiave mean weights per 100 nongraded seeds of 9.3, 9.9, 10.0, and 10.4 g., 
and the percentages of floaters are 10, 19, 23, and 50. Notable exceptions 
to tlie tendem^y of high seed weights to be associated with a high percentage 
of light seeds are shown by the Mexican Big Boll lots of high seed weight 
(Tables 1 and 2) and the Aeala lot of low seed weight (Table 2). 

TABLE 3. — Comparative data on heavp and light mnnin in .30 loin of cotton need 
produced in South Carolina m 19S9 



Light 

seeds 

Weight of 100 seeds 

Germination 

Weight of 100 embryos 

Variety 

Heavy 

seeds 

Light 

seeds 

Heavy 

seeds 

Light 

seeds 

Heavy 

seeds 

Taght 

H(H»ds 


Per cent 

Grams 

Grams 

Per cent 

JO r cm t 

Grams 

Grams 

Coker 4-in-1 

10 

9.5 

7.3 

88 

73 



Marett-lOO ..... 

11 

10.2 

6.5 

83 

43 

6.70 

4.22 

Htoneville .... ..... 

; 11 

10.7 

7.6 

64 

41 



Htoneville 

12 

11.1 

8,6 

67 

79 



Goker~100 

16 

9.5 

7.4 

69 

28 



Coker 4-in-1 

19 

10.3 

8.1 

80 

57 



BPL 

19 

9.1 

7.3 

65 

26 



White Gold 

21 

1:1.1 

8.6 

89 

67 

6.65 

, ■■■'5.25' 

Bixie-T 

23 

9.6 

7.4 

87 :/ 

84 



Coker 4-in - I 

23 

10.6 

8.0 

86 

71 



Coker-lOO 

28 

9.9 

7.4 

87 

44 



Bixie-T 

31 

9.9 

8.3 

60 

24 

6.61 

5.68 

Stonevill(‘ 

38 

10,7 

8.4 

70 

.47 



Clevewilt 

38 

10.3 

8.9 

74 

45 

6.33' . 

4.68 

Wonderwilt .... 

39 

11.1 

8.8 

■,82 

46 



Bixle-T 

40 

10.7 

9.9 

68 

33 

, 6.56 

6.42 

Mandts'WR . 

44 

10.6 

10,4 

80 

38 

7.12 

6,26 

Bixie-T 

47 

9.4 

9.1 

■.■,.52 ■ 

23 

6.18 

.1,73 

OlevewHi 

48 

10.4 

9.3 

51 ■ 




Coker 4-in-l . , 

50 

10,7 

9.4 

■ 54 ■ 

■ 35 
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The weight of the heavy seeds was greater than that of the light seeds 
for all of the 37 lots listed in tables 2, 3, and 4, except for the first lot in table 
2 and the Coker-100 lot of 1943 in table 4. The greatest difference between 
the weights of the heavy seeds and light seeds was that for the second lot in 
table 3, the weight of the latter seeds being only 63 per cent of that of the 
former. For 10 other lots (Table 3) the weight of the heavy seeds w'as at 
!ea.st 20 per cent greater than that of the light seeds. 

In order to ascertain whether the low specific gravity of the light seeds 
might be partly due to occluded air, light seeds of six of the 1938 lots (Table 

TAB.LE 4,---Comparative data on mnlcers and floaters of aold-delinied seed used in 
field plant in (fs in 1U41 and 1948. Seed produced the preceding season 


Year, vnrh'ty, 
kind of Hood, urid 
Stn to of origin 

Tiight 

seed 

tv eight per 

100 seed 

Laboratory 

Vialde N 

seed 

tests 

0 . seedlings 
diseased 

1941 Phintings‘>^ 

Cokor-lOO, B. C 

Per vent 

21 

Grams 

Per cen t 


Houvv Heed 


9.2 

91 

0 

Light seed 

lVPTr-12a, Miss 

27 

S.6 

87 

10 

Heavy seed 


S.o4 

85 

0 

Light seed 

Aeala, Oklu 

iio 

7.11 . 

, Sl 

1 

Heavy seed .: 



80 

0 

Light seed 

194$ Plant itufs 
(k)ker-100,'s. 0. 

66 


80 

0 

Heavy seed . . 


11.74 

99 

18 

Light seed ... 
I)elfos-(3ol, Miss. 

8 

11.84 

89 

22 

Heavy seed , 


9.47 

94 

9 

I/ight seed ... 


8.61 

66 

9 


* These lota of seed were used in 19 pUintiiigs sponsored liv the puthoiogists of 

the Bouthern Btates to evaluate the grading of aeid-delinted seed. Detailed data avIII lie 
publbhed later liy the supervising eounuittee. 

2) were subjected, while irainersed in water, to a vacuum equivalent to 
approximately 50 cm. of mercury for three 2-111 iiuite periods, about 3 minutes 
elapsing between the snceessive vacimm treatments. After this treatment 
only 11 to 58 per cent of the original light seed still had a specific gravity 
less than that of water. This suggests that the differimce between light and 
heavy seeds, in part, may be due to the greater amount of air occluded in the 
light seeds.' , 

Siiiee a small percentage of the light seeds did not contain embryos, it 
was thouglit likely that some of them might contain immature embryos and, 
eonsequeutly, that the proportion of the total seed weight represented by 
the weight of the embryos might be smaller in the light than in the lieavy 
setek. .. Relative w-eights of the embryos of!' heavy. and lig.ht seeds were ascer- 
tained for 7 lots (Table 8), The embryos of these same lots of seed ranged 
frean 60 to 67 per cent (d‘ the total weight of the seed for the heavy seeds and 
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from 52 to 68 per cent for the li<rbt seeds, with no clear tendency for the 
proportional Aveig'ht to be gTeater for either class; but, for each lot the Aveight 
of 100 embryos of the li^Iit seeds Avas less than that for the embryos of the 
heaAw seeds. 

To ascertain the influence of the crop year on the relative proportions of 
light and heaYv seeds, 14 lots of seed, representing 8 varieties, Avere collected 
in 1940 and 1941 from the same 4 counties of South Carolina— one county 
being selected as representatwe of each of the folloAving sections of the State : 
northeastern, south-central, north-central, and iiorthAvestern. The per- 
centage of light seeds for all lots of the same A^ariety from the same locality 
AATis greater ill 1941 than in 1940. A lot of the variety Wilds had the highest 
percentage of light seeds in both 1940 and 1941, or 64 and 85, respectively. 
For the other 13 lots, the respective mean percentages for the 1940 Hiid 1941 
lots Avere 9.7 and 14.3. For these same 13 lots in 1940, the loAvest and liigli- 
est percentages of light seeds were 5.3 and 15, respectively ; and for 1941, 
10.3 and 22, respectively; while the greatest difference betAveen the percent- 
age of light seeds in these tAVo years for any one of tliese varieties from the 
same (Mmnty Avas 8 per cent. Thus, although these data sboAv that there may 
be variation in the precentage of light seeds from year to year for a given 
variety, the varieties tend to maintain the same relative order in a classifi('a- 
tion based on the percentage of light seeds. 

One-half of each of the 14 lots of 1940 seed Avas delinted in September, 
1940; and the remaining half was similarly delinted a year later, after stor- 
age in paper bags in the laboratory. The percentages of light seeds at both 
times Avere almost identical; thus, storage had no definite effect on the 
proportions of heavy and light seeds. 

Germination of Heavy and Light Seeds. The germination of the heavy 
seeds for the 37 lots (Tables 2, 3, and 4) was equal to or greater than that of 
the light seeds, except for Avhat might be a questionable instance for the 
fourth lot ill table 3. (lenerally, the difference in germination between the 
tAVo fractions Avas least Avhen the germination of heaAw seeds was relatively 
high. The loAvest germination of light seeds relative to that of the heavy 
ones Avas 13 ])er cent (Lot 19, Table 3). For all 37 lots the mean germina- 
tion of the heavy seeds was 62.5 per cent; that of the light seeds, 44 per (*ent. 

Infect ion of Heavy and Light Seeds. Chester suggested that the re- 
moval of the light seeds might greatly reduce the incidence of disease in a 
cotton planting, since these seeds might be expected to be more higlily infected 
by potential pathogens than the heavy seeds. For information on the rela- 
tive infection, seeds of the tAvo fractions of the 37 lots were germinated to 
ascertain the yiercentages of infected seeds and, when possible, the infeiding 
fungi. As the differences in infection between the two fractions Averi* about 
the same for all lots, the relevant data on infection have been summarized iu 
table 5 Avithout reference to the individual hds. 

The heaA^y seeds Avere by no means necessarily free of pathogenic fungi, 
although the number infected Avas slightly less than in the case* of the light 
seeds, except for the numbers infected by Fusarium spp. 
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Tlic diferenre between tlieiii was small for OolletofricJium cmsypU 
South., the most iinportaiit of these infecting finigi. This fungus was found 
largely on seedlings and partially germinated seeds, as indicated in table 
5, and was obtained in only a relatively few cases from the nongerminat- 
ing seeds. In the latter, the presence of this fungus may have been obscured 
by other more rapidly growing fungi; for in tlie examination of nongermi- 
nating seeds, the first fungus to be identified Avas recorded as the fungus 
present, unless mycelial charaeteristic^s indicated the possible presence of 
other fungi. Thus, only one fungus avRvS generally listed for a given seed, 
althongli the presence of other fungi eannot be excluded. 



TAULM 5.--. 

Relative 

inf act ion 

of Iieav If mid light seeds 



Kind 

of 

seed 

Total 
■ 'No. 

seeds 
hi fee ted 

Number of seeds aud seedlings infected by various 
f ungi or baeteria 

1 |. 

11 

g . ■ 

S -s: S 

.5 5 P - 

^ ',S 

2 4 -s . « 4 

Miseellaneous 

fungi 

Bacteria 

Data fov 1220 seeds of hotli fraetioivs of the fl7 

lots in tables 2, 3, and 4 



Heavy 

141 

53 

17 

30 0 1 27 

10 

8 

Light 

...... ■ 204 ■ 

09 

32 

2i) 3 .S 70 

33 

12 

Data for 500 seeds of Itoth fraetions of the 5 lots in table 4 



Koriiial Heedlingi^ 






Heavy 

20 

6 

10 

1 (1 0 2 

0 

1 

Light 

10 

3 

13 

2 0 0 0 

1 

0 

Partial germinalinn (radieals ftaaned but no 

cotyledons) 



Heavj 

5 

3 

3 

0 0 0 0 

0 

0 

Jaght 

25 

0 

7 

13 0 2 

3 

0 

Nongermin(itin(f seeds 






Heavy ...... ...... 

7 

1 

0 

2 0 0 0 

0 

4. 

Light 

41 

2 

5 

7 3 8 8 

5 

5 


Fimiriiim Hheld. (Table 5) als(f occasionally (caused lesions, 

ranging from small to extensively decayed areas on tlie cotyledons of seed- 
lings. This fungus and CoUetotrichum (jomjpii infected a uiunber of the 
partialiy germinated seeds. The failure to form normal seedlings Avas due, 
at least in part, to infection by these two fungi. F. mrmiliforme appeared 
more freciuently on nougerminating seeds than C, gtmypii. Other Fnsarium 
spe(des, largely of the Gibbosum section, Avere oc(*asionally found on seed- 
lings, but more frequently on the inuigerminating seeds, as Avere also siicli 
fungi as, Rliizopm app., Peni(Mium spp,, Mplodia theohromae 
Nowell (f), gossypina Cke,), miseellaiUHnis fuiigi (in part /intern 
Aapargillns .spp., and fungi not forming spores Avlrile iiuder observation), 
luul bacteria. I). theahrofiHte uppetired more frequently on the nongerini- 
nating light seeds than Oil those of the heavy seeds. 
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Upon the suggestion of Dr. W. AY. Eay that it might he possible to sepa- 
rate Auable from lion-viable seeds by appropriate water-ethyl alcohol mix- 
tures, seeds of 5 lots of the variety Wilds (1940 crop) were flotation-gTaded 
in such alcohol solutions. There was a steady fall in the percentage of float- 
ing seeds for the five lots from 93, 94, 94, 80, and 73, respectively, in water ; 
to 22, 43, 64, 43, 36, respectively, in 50 per cent alcohol; and to 8, 12, 25, 19, 
and 19, respectively, in 80 per cent alcohol. The percentage of alcohol- 
necessary to obtain floating seeds of appreciably lower viability than those 
obtained in water ranged from 20 to 60. The mean germination of the seeds 
of these five lots which floated in water wns 71 per cent; that of those which 
floated in 60 per cent alcohol, 54 per cent. Thus, although it may be pos- 
sible to make a partial separation of viable and non-viable seeds by such 
solutions, this method appears to have no practical application. . 

summary 

Seeds of lots of the upland varieties of cotton. Gassy piuny Ivirsutwm L., 
were acid-delinted and then separated into two fractions, light and heav>' 
seeds, on the basis of their specific gravity relative to that of water. After 
separation the fractions were dried, relative mean weights ascertained, and 
seeds of each germinated to ascertain their viability and infection by fungi 
and bacteria. 

The light seeds in these lots ranged from 4 to 94 per cent, and the rela- 
tive proportions of light and heavy seeds -were determined more largely by 
varietal eharactei*isties than by the viability of the seed, internal infection 
by fungi, or crop year. A^arieties with high seed weights tended to have the 
highest precentages of light seeds. The weights of the embryos of the light 
seeds were less than those for the heavy seeds. The relative proportion of 
the total seed weight represented by the embryo was about the same for both. 
Eemoval of the air between the seed coat and embryo and the infiltration of 
this space with water changed most of the floating to submerged seeds. 

The light seeds were somewhat more highly infected internally by fungi 
than the heavy seeds. The differences betAveen the two in infection by the 
iinportant seedling pathogens, gassy pli and Fitsarmm spjh^ 

w^ere relatively small. The differences in infection were relatively large for 
sucli fungi as Penicillmm spp,;> Diplodia theahromae, and AspergilUcs S‘pp. 

The viability of tbe light seeds was generally less than that of the heavy 
seeds when the percentage of light seeds was small ; hut, when the percentage 
of the latter equalled or exceeded that of the heavy seeds, the viability of the 
light seeds approached that of the heav.v seeds. 

Improvement in seed quality which may be attained by water grading is 
determined by the characteristics of eacli lot of seed, and its general appli- 
cability for the improvement of seed quality is questionable. 

Department OF Botany, 

Agricudttjral Experiment Station, 

Clemson, S. C. 




VARIETAL VARIATION AND INHERITANCE STUDIES ON 
NATURAL WATER-SOAKING IN TOBACCO^ 

H 0 W A K. » E . H E G G E S T A D 

(Aeeepted. for piiblicatioii April 28, 1945) 

The ppedispo.siii^’' ef eet of natural water->soakiiig‘‘^ in leaf tissues to infec- 
tion and deveiopinent of tobacco wildfire [Pkytomoms tahaci (Wolf and 
Poster) Bergey et al] and blaekfire [Phytomonas anguMa (Proinme and 
Alnrray) Bergey et fd.] has been shown recently. Some Yariatioii in re- 
sistance had been reported prcmousty in varieties of tobacco (Nicatiana 
tnhacum L;) to these bacterial leaf-spot diseases, but varietal behavior under 
(‘xperimental trials had not been consistent, apparently because of wide 
differences in conditions provided for infection. Under field conditions, 
disease develoinnent may oeenr as a result of either storm water-soaking (7) 
or natural (iiiteriial or physiological) water-soaking (14). Varietal behavior 
toward disease may be expected to be different under these circumstances. 
One of the purposes of this study is to show that varietal variation in sus- 
ceptibility to natural water-soaking occurs in tobacco, and that this is cor- 
related with variation in susceptibility to the wildfire disease. Special efforts 
were Ilia (h‘ to study the inheritance of natural water-soaking after distinct 
I’arietal differences were found. The data presented are believed to be suffi- 
cient to show that the character of natural water-soakiug is inherited in iiiuch 
the same way as many other (piaiititative plant characters, and tliat this 
(Iiaracter is (‘losely associated with susceptibility to the wildfire disease of 
tobacco. 

literature review 

As far as is kaowu, no previous w-ork has been done on the varietal 
behavior and tlie inheritance of natural w’ater-soaking in plants. The author 
lias, liowTW'er, recently presented (13) summarized results of some of the 
iiivestigatious reported ill this paper. 

Johnson (14) in 1936 first discussed natural ivater-soaking and its proba- 
ble relation to infection and development of epidemics of blaekfire and wlld- 
ffreof tobacco. The following* year, he (15) reported on further results with 
the artificial internal w^ater-soaking method ; that is, wmter-soaking by means 
of applying high water-pressure directly to cut stems dr exposed roots, Alany 
species water-soaked in this manner became infected easily when mociilated 
writh Aveak pathogens such as the tobacco blaekfire organism. Previous 
attempts to secure good infection with blaekfire bacteria without water-soak- 
ing had failed even on tobacco, A close correlation wois observed by BiTiun 

^ This pniun* wan premmtcd to tho (traduato Hdiool of tlic TTiiivers'ity of WlscoiLsiii 
ill pui-tial fiilfllhuout of tho requirciuoiit for tho dcgreo of Doctor of Plulosoplrv. The 
writtU’ in groatly ’mdehtcd to Di*. Jaiuee Johnson for advice and critjelsni during tlio work 
nnd the preparation of the mnuuscript, 

2 ^‘Natural vvattu'-soaking’ ’ is synonymous with the more deseriptive term 
congcsticm’' suggested iu n recent ]mhheation by .Tolmson (16). 

751 


‘ ^ water- 




1945] 


Heggestad: Water-soaking in Tobacco 


755 





and Johiisoii (5) between the ainount of natural water-soaking found in 
farmers^ plant beds and subsequent amounts of blackfire developing in the 
same plant beds. Johnson et al. (18) more reeentl}" reported, on the basis 
of observation, that natural water-soaking was apparently a genetically 
variable phenomenon and was therefore eoneerned with susceptibility to dis- 
ease. It was on the basis of this observation that the present investigations 
were undertaken. 

Proof of the bacterial origin of tobacco wdklhre and tobacco blackfire Avas 
not established until 1918 and 1919. In the following decade, several investi- 
gators (3, 6, 8; 11) noted differences in varietal resistance to these leaf -spot 
diseases, but for the most part they were ineonsistent or were regarded as of 
minor significance hardly worthy of consideration as a control measure in 
improving commercial varietievS of tobacco. More recently, Garner et at, 
(12) reported that a selection of the Narrow-Leaf Orinoco variety grown in 
Virginia showed some resistance to blackfire. Johnson and Ogden (17) 
found the variety Havana 211 to be more susceptible to blackfire and wildfire 
than other local varieties following epidemics of the disease in the field; and 
Valleau et al. (19) reported Dark tobacco to be more resistant to angular leaf 
spot (blackfire) than Burley tobacco grown in the same plant bed. Hence, 
there is considerable observational evidence of varietal differences in resis- 
tance to bacterial diseases of tobacco. There is, however, a lack of consistent 
experimental evidence, and the reasons for this are more obvious now since 
there are two very distinct means of infection by tlie patliogens; namely, 
through ‘ ‘ storm water-soaking ^ ’ and ‘ ‘ natural water-soaking. ^ h 

METHODS and MATERIALS 


Methods. Tobacco seedlings that had been grown in steamed compost 
soil were transplanted, before the largest leaves were 20 mm. across, to 9 by 
14-incli fiats of steamed, low potash (2) , sandy loam soil. About 2 dozen flats, 
each commonly planted with 10 plants of 3 different tobacco strains, were 
in each series. Two weeks after transplanting the tobacco had grown until 
the soil was almost covered; the seedlings were then ready for treatment. 
Extensive natural water-soaking in the most susceptible strains was iudiiced 
by 24 to 48 hours in the moist chamber, from which the plants quickly recov- 
ered wfiien returned to the greenhouse bench. One treatment each week for 
3 consecutive ^veeks was usually made with the tobacco. 

The moist chamber, located in a dark (1, 18) basement, had a fairly con- 
stant temi-ierature that varied within only a few degrees of 65° P. during 
the entire greenhouse season. The relative humidity was maintained at 100 
per cent by satuimting the atmosphere with a fine mist from atomizers con- 
nected to an air line and kept in continuous operation. After sufficient 
exposure in the chamber, one flat of seedlings at a time was removed to a 
lighted room and the amount of w^ater-soaking determined by examination 
of each plant. 

A scoring system, comprised of 9 classes ranging from 0 to 4, was selected 
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as the most conveiiieiit method of recording* the degree of water-soaldng. 
The 4 major dividoiis or classes (scored 1, 2, 3, and 4) are illustrated in 
figaire 1. Intermediate classes (scored 0.5, 1.5, 2.5, and 3.5) were also used, 
and plants with no macroscopically visible water-soaked areas on any of the 
leaves were scored 0, The 4 major classes may be described as follows : 

Gl(m 1. Water-soaking at the tip of one or more leaves, but largely 
confined to the leaf margin. Tlie most heavily water-soaked leaf on the 
plant showing not more than an estimated 5 per cent of its leaf area 
alfected. 

Class 2. Water-soaking on one or more leaves, interspersed about 
most of the leaf margin and small amounts on other parts of the leaf 
blade. Approximately 5 to 20 per cent of the leaf area affected. 

Class d. Water-soaking as described for Class 2, except more of the 
leaf area (20 to 35 per cent) water-soaked. 

Class 4. The most heavily water-soaked leaf, having numerous scat- 
tered water-soaked areas and an estimated 35 per cent or more of the leaf 
area water-soaked. Occasionally as mneh as 80 per cent of the leaf area 
was water-soaked under the conditions of the experiment. Leaves in 
classes 3 and 4 occurred infre(|uently under average experimental con- 
ditions. 


TABL'K l^Meprese^itative data showing arbitrary system of estimating natural 
water-’Soalcmg {score 0-4) oa at three different times of exposure in 

moist eJiamiher 


Parent or 

F;j family 

Consecutive 
exposures in 
moist cliamber 

Plant and estimated water 
soaking score 


1 

2 

o 

4 

5 

Ave. 

American (susceptible) 

First 

2.5 

3.0 

2.5 

3.0 

2.5 

2.7 


One week later 

2.5 

2.0 

2.0 

2.5 

2.5 

2.3 


Two weeks later 

1.5 

0.5 

1.0 

0.5 

1.0 

0.9 

Daruimi (resistant) 

First 

0.0 

0.0 

1,0 

0.5 

0.0 

0.3 


One week later 

0.0 

0.0 

0.0 

0.0 

0.5 

0.1 


Two weeks later 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 , 

American x Daruma 

First 

1.5 

1.5 

■2.5 

3.0 

2.5 

2.2 

F;,44 

One week later 

1.5 

2.0 

1.5 

1.5 

1.0 

1.5 


Two weeks later 

1.0 

0.5 

1.0 

1.0 

1.5 

1.0 

American x Paruma 

First 

0.0 

0.0 

2.0 

1.5 

2.0 

1.0 

F«45 

One week later 

0.0 

0.0 

1,5 

0.5 

0.0 

0.4 


Two weeks later 

0.0 

0.0 

1,0 

0.0 

0.0 

0.2 


The detailed method of scoring is illustrated in table 1, showing repre- 
sentative data on 5 plants of each of 2 varieties and 2 Fs families, together 
with the results of 3 consecutive exposures of the same series. The amount 
of water-soaking decreased with repeated exposures, but the same relative 
proportions were maintained between susceptible and resistant varieties or 
families. The figures presented in the other tables as water-soaking score 
or percentage of plants water-soaked represent the average behavior of the 
material in all exposures in the moist chamber. 
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Materlah. All important local varieties and strains and representative 
strains of the more important domestic varieties of tobacco (Nicotiana 
tahacuni L.) have been tested. In addition, 103 varieties and strains of 
tobacco, mostly South American, were secured throngli the cooperation of 
Dr. E. E. Clayton who had arranged for an extensive collection of tobacco 
seed by the Bureau of Plant Industry, U. S. Departinent of Agriculture, 
WashiiigtoiL D. 0. Limited trials were made with 13 other species of Nico- 
tiana. Several varieties of tomato (Li/copcrsicirm esculent um Mill), oats 
(Avena sativa L.), and com {Zea mays L.) were kindly supplied by associ- 
ates at the Wisconsin Experiment Station for other phases of the investi- 
gations. 

EXPERIMENTAL RESULTS 

Otlier workers (2, 18) have demonstrated that natural water-soaking in 
plants is influenced by the nature of the soil in which the plants are grown. 
Soils low in available potash favor natural water-soaking. In preliminary 
work on selection of a suitable soil, 50 small lots of soils from the sandy 
northwestern section of Dane County, Wisconsin, were compared as to their 
ability to influence water-soaking in tobacco plants. The maximum water- 
soaking (average score of 2.83) occurred with the sandy loam sample No. 23, 
and none appeared in plants grown in compost commonly used for other 
types of greenhouse experiments. In three soil samples, the sandy-loain K, 
silt-loam G, and the greenhouse compost, the available potash an acre 
amounted to 177, 715, and 3,030 pounds, respectively; and the average water- 
soaking scores for plantsi grown in these respective soils were 2.42, 1.92, 
and 0. Sandy-loam K was selected for most of the experimental work in 
the greenhouse. The soil was steamed in flats at 100° C, for 30 minutes 
to destroy damping-off organisms and weed seeds. The steaming also liber- 
ated some nitrogen and thus augmented the water-soaking in plants subse- 
quently grown in the soil. 

Older j^eedlings, in the greenhouse and in outdoor plant beds, are not 
water-soaked as easily as younger seedlings. Experimental plants were 
tested for water-soaking 3 times (Table 1) at weekly intervals beginning 
about two weeks after transplanting. In one comparison, involving 1080 
plants, 91, 60, and 25 per cent of the plants water-soaked at 2, 3, and 4 weeks 
respectively after transplanting. 

In outdoor tobacco plant beds under cloth covers, plants of all varieties 
may water-soak as soon as the first two leaves are unfolded and may continue 
to remain highly susceptible until the largest leaves are one inch or more in 
length. Some of the varieties classed as fairly resistant are rather suscepti- 
ble as very young plants. However, as they become older, resistant varieties 
are rarely water-soaked under favorable weeither conditions. Examination 
by Johnson ami others (5, 18) have shown typmal water-soaked areas on a 
variety of plants in various stages of maturity. For purposes of our investi- 
gation, it seemed desirable to limit the work and conclusions largely to young 
seedling plants. 
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Varietal variation in Nicotiana tahacum 

The species ialaoum contains hundreds of varieties or strains 

that are grown commercially in various parts of the world. Approximately 
150 varieties and strains, including both domestic and foreign varieties, were 
grown in the seedling stage and compared for behavior in water-soaking. 
Out of these trials, 7 varieties were selected for further study as representing 
both extremes and intermediates in behavior. These were later compared in 
more critical tests as shown by summarized data from two experiments pre- 
sented in table 2. The results of the two separate trials are in fairly close 


TABLE 2,~—T}ie relative score and iwrcentage of plants water-soalced in seven varie- 
ties and crosses between these varieties in the and gener at ion 


Designation 

Experiment la 

Experiment 2b 

Score 

Plants 

water- 

soaked 

Score 

Plants 

Avater- 

soaked 


Average 

Per cent 

Average 

Per cent 

Parents 





American (susceptible) 

2.36 

100 

1.69 

88 

Vastanliog 

1.74 

100 

1.54 

92 

Wisconsin Seedleaf 

1.40 

80 

0.64 

45 

Samsiui 

1.06 

63 

0.25 

35 

Havana 211 

0.23 

23 

0.36 

40 

Havana 142 

0.10 

13 

0.20 

25 

Daruma (resistant) 

0.09 

8 

0.21 

25 

Crosses 

F^ generation 

Po generation 

American x Yastanhog 

1.88 

100 

1.48 

94 

American X W^iseonsin Seedleaf .......... 

1.53 

100 

1.58 

91 

American x Samsun 

1.05 

68 

1.14 

69 

American X Havana 211 

0.63 

60 

0.96 

80 

Yastanhog X Samsun 

0.56 

48 

0.91 

76 

American X Daruma 

0.41 

58 

0.92 

73 

Yastanhog X Daruma 

0.79 

68 

0.72 

70 

Wisconsin Seedleaf x Daruma 



0.72 

66 

Wisconsin Seedleaf x Havana 142 .... 

0.29 

30 

0.46 

43 

Samsun x Daruma 

0.00 

0 

0.51 

41 

Havana 211 x Daruma 

. 0.03 

5 

0.38 

45 

Havana 211 x Havana 142 

0.00 

0 

0.18 

26 


a Two replications of ten plants each. 

Parents three replications, and Fa progeny four replications of ten plants each. 


agreement and seem to justify the belief that similar trials could be con- 
ducted throughout the greenhouse season with comparable results. 

The two foreign varieties, American and Daruma (Fig. 2), represent 
extremes in snsceptibility and resistance in greenhouse tests. In other 
experiments under conditions less favorable for water-soaking or wdien ex- 
posed for only a few hours to conditions favoring water-soaking, the variety 
American was not as extensively water-soaked as shown in figure 2, but the 
variety Daruma then failed to show any signs of water-soaking. 

Similar differences in varietal susceptibility were also found in limited 
tests with half -grown plants of the varieties American, Wisconsin Seedleaf, 
and Daruma. Plants were grown in ‘Uake sand^’ in 2-gallon glazed crocks 
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and supplied witli modified (witlmut potasli) Hoagland’s nutrient solution. 
Symptoms of potash deficiency were evident by the time the plants were 
transferred to the moist chamber. No marked differences were found in the 
degree of water-soaking between the two susceptible varieties American and 
■Wisconsin Seedleaf which were both extensively wmter-soaked, but the resis- 
tant variety Daruma showed only slight watei*-soaking on 1 out of 12 plants 
tested. It is significant that the relatively large plants of these varieties 
behaved in the same manner as small seedlings in other tests. 


In 1936 Dr. E. B. Clayton, of the Bureau of Plant Industry, found (cor- 
respondence) that the variety American was one of the most susceptible and 



Pig. 2. WateT-soakiiig of tobacco leaves showing extreme differences that may be 
secured under identical environmental conditions. A. American. B. Daruma. 


the variety Daruma was the most resistant to storm wlter-soakiiig’ among 
approximately 100 varieties and strains ot Nicoiiana tahacum tested. The 
tests were made on nearly mature field-grown plants in connection with 
studies on resistance to disease (7, 12). The factors involved up to a certain 
stage may conceivably be similar to those concerned with natural water- 
soaking. ^ 

StJecies imriation m 

B'oixrteen species of Nicoiiana^ tested tinder moist-chamber conditions, 
varied in susceptibility to natural water-soaking from those very resistant 
but not immune to those which were nearly as susceptible as N. tahacum. 
The water-soaking pattern (that is, the size and distribution of water-soaked 
areas in the leaf) differed on some of these species. Consequently, it was 
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more difficult to make comparisons between, tliese species tbaii between the 
varieties of N . tahacum. For example, water-soaked plants of N. paniculata 
L. and N. glutinosa L. developed numerous small (many microscopic) watei'- 
soaked areas that were rather evenly distributed about the leaf. Water- 
soaked plants of N. iahacum L. and N. rustica L. developed, however, rela- 
tively large and conspicuous water-soaked areas that appeared first along 
the margin of the leaves. N. nudicaulis Wats., N. repanda Willd., and N. 
rustica L. were the most resistant of the species in our trials. 

Inheritance of natural xvater-soalcing 

The and generation. The Fi progeny from 11 crosses are com- 
pared in an experiment with an equal number of plants of the parents in 
table 2. The figures presented are the average calculations of two exposures 
in the moist chamber for 24 hours each, with a one-week interval between 
trials. For more ready comparison, the parents and progeny are arranged 
in the order of increasing resistance. 

In the cross American (susceptible) anpl Daruma (very resistant), the 
Fi generation was intermediate in susceptibility to water-soaking. The Fi 
of the cross between the two most susceptible varieties, American and Vastan- 
hog, was also susceptible. When the variety Samsun (intermediate) was 
crossed wnth the variety Daruma (very resistant), the Fi progeny showed 
no water-soaking ; whereas, some plants of the parental varieties water- 
soaked. Similarly, no water-soaking developed on the Fi of the cross Havana 
211 (intermediate) with Havana 142 (resistant). The failure to develop 
any water-soaking whatever in 2 trials on the Fi of these two crosses is 
especially interesting in view of the fact that immunity is not involved in 
any of the parental varieties. This behavior suggests that the resistant 
character may be partially dominant. The results in the Fi generation as 
a whole, however, indicate that the progeny are normally intermediate 
between the parents as far as such may be judged with a quantitative 
character. 

Summarized results of an experiment with the Fa progeny of the same 
crosses are also in table 2. The water-soaking scores for the different varie- 
ties do not cover as great a range as those with the Fi progeny. This may 
be due in part to considerable variability between replications. The Fg data 
are intended to show only that the amount of water-soaking in the Fa genera- 
tion of the several different crosses corresponds closely to that in the Fi 
generation and to that which may be expected on the basis of parental 
behavior. 

Although the results of the variety tests may be regarded as sufficient 
proof that the character of water-soaking is a heritable phenomenon, the 
limited Fi and Fa data in table 2 permit the conclusion that this character, 
although perhaps dependent upon many factors, is transmitted in crosses 
to succeeding generations according to expectations. 

Good experimental data have not been secured for segregation or greater 
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variation in the Fg than in the Pi generation or in the parents. The number 
of plants that would be required would be impracticable for limited green- 
house space and moist-chamber facilities. It was believed that the time and 
space available might be more profitably applied to studies on the Fj genera- 
tion produced from selfed Pa plants selected at random. Observational evi- 
dence on the individual Po progeny shown in table 2 was indicative of greater 
genetic variation in the P-i than in the Pi or in the parents. In the data this 
is only suggested by a relatively higher score and percentage of water-soak- 
ing in the Pa than in the Pi, or in the parental types, in crosses involving 
the more resistant parents. 

The F-a generation. Three of the most promising crosses were grown in 








the field in the Pa generation to supply seed of selfed plants for testing in 
the seedling stage : American (susceptible) x Daruma (resistant) ; American 
X Wisconsin Seedleaf (intermediate); and Wisconsin Seedleaf x Daruma. 

TABLE percentage dinirihntwii in 5 classes of wader-soaking secured in 

tests on ilmw parent imrle ties and dOO 



Designation 

Kumber ill test 


distribution^ 




0.25 

0.75 

1.25 

1.75 2.25 

American 

100 plants 

3 

18 

44 

28 7 

Wia. Seedleaf 

100 do 

20 

36 

41 

3 

Daruma Pa 

100 do 

76 

22 

2 


Pa progeny (PjXPo) 

110 familiesii 

0.9 

21.8 

47.3 

29.1 0.9 

do (Pi. ^P.'s) 

95 do 

13.7 

40.0 

33.7 

11.6 1.0 

do (P.XPa) 

85 do 

31.8 

43.5 

23.5 

1.2 


a Based on the average of three scores from tests made at weekly intervals. 

Ten plants of each family tested. 

Tests were made on approximately 100 P 3 families from each of the three 
crosses. Only 10 plants (selected at random) of each family could be tested, 
but this number was divided between two flats. It was necessary also to 
perform these tests in four separate series; eonsequeutljq one series was not 
strictly comparable with another. The three parental varieties Avere, how- 
ever, Used as controls in each series. The results of these tests are in a 
distribution table (Table 3) of average scores for the parents and the groups 
of families in each cross. In the Pa generation, as in the Pi and the P 2 , the 
parental influence is in the expected direction. Referring to the class-center 
score of 0.25 (high resistance), for example, only 3 per cent of the variety 
American and 20 per cent of Wisconsin Seedleaf, but 76 per cent of Daruma, 
fell into this class. Correspondingly, 0.9, 13.7, and 31.8 per cent of the 
three crosses fell into this class in the order of expectation. 

On the basis of percentage distribution (Table 3) , there is evidence of 
greater variability in the Fj progeny of crosses between resistant and sus- 
ceptible parents than in that of the respective parents. The data, however, 
are not strictly comparable for parents and progeny because the former are 
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based on individual determinations and the latter on tlie average of 10 
plants. Nevertheless, there is a greater spread, with no peaks, in the ¥ 3 , 
progeny of the two crosses involving the resistant parent Daruma than in 
the resistant parent itself where 76 per cent of the plants fell into the most 
resistant class (score 0-0.5). 

These results are deemed sufficient to demonstrate that it should be possi- 
ble to transfer the resistant characters to varieties of tobacco susceptible to 
natural water-soaking through breeding and selection. 

Correlation between natural %vater-soaking and infection 
ivith tobacco wildfire 

After it was evident that ceidain varieties of tobacco w-ere more suscepti- 
ble to natural water-soaking than others, it became important to determine 
whether these varieties were also more susceptible to wildfire under condi- 
tions favorable for the development of natural water-soaking. The results 
of two expeiuments with the three varieties, American (susceptible), Wiscon- 
sin Seedleaf (intermediate), and Daruma (resistant), are in table 4. Plants 


TABLE 4. — nc.wlis of tuw experiments sliowinn relative reaction of three varieties 
of tohacco to water-soalcmgj together with their rela1:ive susceptihititg to wildfire infection 
follotving mgeulation 


Variety 

Water-soaking scored 

Number of wildfire 
lesions on a plants 

Exp. 1 

Exp. 2 

Ave. 

Exp. 1 

Exp. 2 

Ave. 

American 

2.35 

2.60 

2.47 

6.9 

30.2 

18.5 

AVisconsin Seedleaf 

1.85 

1.85 

1.80 

4.5 

20.9 

12.7 

Barmiia 

0.55 

0.80 

0.67 

0.9 

6.9 

3.9 


a Twenty plants of eacli variety in each experiment. 


of these varieties were atomized from a distance of one foot or more with a 
water suspension of a pure culture of the bacteria, after which they were 
left in the moist chamber to permit water-soaking. The relative amounts of 
watei'-soaking developing after 48 hours’ exposure in the moist chamber, and 
the relative amounts of wildfire (number of lesions) developing on the same 
plants 8 days from the time of inoeulatioii, are shown in table 4. In these 
data, which include results of two separate trials, there is a direct correlation 
betw^een the susceptibility of these varieties to water-soaking and their sus- 
ceptibility to wildfire under the same conditions. In another similar trial, 
using plants two weeks older, most plants of the variety Daruma did not 
Avater-soak ; AAdiereas, all plants of both the variety American and the variety 
Wisconsin Seedleaf were rather heavily Avater-soaked. Most plants of 
Daruma likeAAUse remained free of Avildfire folloAving inoculation; however, 
many lesions on a leaf developed on plants of American and Wisconsin Seed- 
leaf. This difference in susceptibility is illustrated (Fig. 3) by representa- 
tive leaves of the resistant variety Daruma and the susceptible variety 
American. The periphery of the leaf, AAffiich is usually the first to shoAv 
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evitleiiee of water-soakiug aud ofteu develops relatively large water-soaked 
areas, also develops tlie greatest number of and the largest wildfire lesions 
(Fig. 3, B). The correlation of water-soaking susceptibility and wildfire 
susceptibility was also evident from inoculation experiments with several 
species of tobacco. The results of these tests are not presented. 

During the spring of 1943 and 1944, outdoor plant-bed experiments were 
conducted. Seed of several varieties were sown about May 1 m replicated 
2 by 3-foot sections of the plant bed. The beds remained under muslin-cloth 


FIQ-* 3« Seedling tobacco leaves of two varieties, exposed to favorable conditions for 
water-soaking followed by artificial inoculation witli the wildfire organism. A. Baruma, 
remained healthy. B. American, diseased. 

cover most of the time, especially during periods of rain to reduce the possi- 
bility of storni water-soaking. The Bmall tobacco seedlings were inoculated 
one month after sowing by watering with a suspension of powdered wildfire- 
infected leaf material. 

The season in 1943, being mmsually wet, proved to be very favorable for 
the trial. During the 3 weeks f ollowing inoculation on June 1 a total of 2.06 
inches of rain fell, with at least a trace of precipitation during 14 days of 
this period. Records of relative humidity, both inside the covered plant bed 
and nearby outside, were taken from May 15 until June 16. A relative 
humidity between 95 and 100 per cent was maintained for at least 10 hours 
a day during 23 of the 32 days of the record as compared to only 2 days dur- 
ing the same period outside the plant bed. The longest period (51 hours) 
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of continuous, liigli relative Immidity was recorded in the plant bed from 
3 : 00 p.M. June 5 to 6 : 00 a.m. June 7, being continuoiLsly above 85 per cent 
and most of the time above 95 per cent in the absence of continued precipi- 
tation. 

Extensive natural water-soaking occurred and numerous wildfire lesions 
began to appear on the more susceptible varieties about one week after inocu- 
lation. The severity of the disease gradually increased during the following 
two weeks. About 4 weeks after inoculation, when the notes (Table 5) were 

TABLE ^rr-Hesiilis in otiidoor plant ’beds during 1S43 and 1944, comparing 15 varie- 
ties of tobacco for relative siisceptiMUty to ivater-soalciug and wildfire following artificial 
inoculation. Average of 2 replications 




1943 



1944 




Wildfire 


Wildfii^e 

Ynriety 

Water- 

soaking 

score 

(40 

plants) 

No. 
lesions 
on a 
leafi^ 
(20 

plants) 

Bisease*> 

score 

(20 

plants) 

Water - 
soaking 
score 
(40 

plants) 

No. 
lesions 
on a 
leaf a 
(100 
plants) 

Percent- 
age dis- 
eased 
plants 
(200 
plants) 

Wisconsin Seedleaf (Strain T) 

1.6 

24.0 

100.0 

1.9 

14.4 

100.0 

American 

1.5 

34.1 

46.4 

1.4 

6.9 

99.5 

Vastanhog 

1.1 

28.2 

54.4 

1.4 

8.5 

97.5 

White Burley (Judy Pride) ... 
Pennsylvania Broadleaf 

1.0 

14.1 

32.1 

1.4 

4.3 

90.0 

(Slaughter) 

0.9 

10.9 

18.2 

0.3 

1.6 

71.0 

Maryland Broadleaf 

Turkish (Samsun) 

0.8 

28.9 

36.6 

0.3 

4.6 

93.0 

0,7 

1.2 

1.2 

0.5 

7.5 

98.5 

Maryland Mammoth 

0.7 

13.9 

79.9 




Connecticut Broadleaf 

0.6 

19.0 

39.7 

0.9 

6.9 

97.0 

Var. atropurpurea 

0.5 

10.4 

16.0 

0.9 

7.3 

98.5 

Havana 211 

0.2 

26.2 

44.6 

0.6 

15.8 

100.0 

Havana 142 

0.2 

14.9 

20.9 

0.0 

7.1 

97.5 

Yellow Pryor 

0.1 

1.5 

1.6 

0.0 

1.4 

53.0 

Orinoco (White Stem) 

0.0 

2.0 

2.3 

0.0 

1.6 

64.0 

Baruma 

0.0 

1.8 

2.4 

0.0 

1.3 

52.0 


a Oounts made only on the leaf with greatest number of distinct lesions (halos), 
b A score based on number of leaves on a plant completely destroyed by the disease 
and on percentage of leaf area necrotic as well as on number of lesions. 

taken, plants of certain varieties were either killed or severely stunted and 
other varieties had just a few isolated lesions. The lesions were counted on 
single leaves from 20 plants of each variety and a disease ^ tscore’’ computed 
which also included an estimate of the amount of necrosis on these plants. 
The score for the most susceptible variety was then placed at 100 and the 
other scores were adjusted accordingly. The notes on water-soaking (Table 
5) were taken 11 and 14 days after inoculation. Water-soaking occurred 
on other days, but detailed varietal comparisons were not made. 

The 1944 plant-bed experiment was conducted in the same w’'ay as in 1943 
except that the bed was located on muck soil rather than on silt loam soil and 
the young seedlings were inoculated 3 times at 4-day intervals rather than 
just 6nce. The relative susceptibility of the vaineties tested, both to water- 
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soaking and to wildfire, was approximately the same in the two years. The 
varieties Daruma, Orinoco, and Yellow Pryor proved to be very resistant 
to both water-soaking and disease. These varieties in 1943 and in 1944 
developed only about 1/20 and 1/10, respectively, the number of lesions 
found on the more susceptible varieties (Table 5) . About 44 per cent of the 
plants of these resistant varieties were free of disease in 1944; wdiereas, 100 
per cent of the plants of ‘Wisconsin Seedleaf and Havana 211, another Wis- 
consin variety, w^ere diseased. 

The results secured on tobacco vaideties with wdldfire are believed to be 
equally significant in relation to varietal differences in resistance and sus- 
ceptibility to the closely related (4) blackfire disease under similar environ- 
niental conditions, 

Yariation in varieties of other plant genera 

Tomatoes, A comparison was made on the water-soaking behavior of 
17 conmiercial varieties or strains of tomato under moist-chamber conditions. 


TABLE 0. — liesultH showmg the relative susceptibility of seveii varieties of tomatoes 
{LycopersUmm eseulentnm^ to voater- soaking when placed under favoraMe cMiiditUms for 
its expression 


Variety 

Water-soaking scored 

Percentage of plants 
water-soakecP 

Exp. 1 

Exp. 2 

Ave. 

Exp. 1 

Exp. 2 

Ave. 

Laitdreth ’s Blooms^clale 

2.6 

2.2 

2.40 

100 

100 

100 

Golden Globe. 

2.4 

2.1 

2.25 

100 

100 

100 

Clark ’s Early 

... 2.4 

1.8 

2.10 

100 

94 

97 

Early Baltimore 

1.9 

1.8 

1.85 

100 

100 

100 

Harris^ Extra Early 

0.8 

1.5 

1.15 

83 

94 

89 

‘ ^ Pearson ^ ^ 

0.9 

1.1 

1,00 

92 

88 

90 

Snow Ball or Albino 

0.8 

0.9 

0.85 

64 

81 

73 


a Bata based on two exposures in chamber, with six to eight plants of each variety. 


In a preliminary experiment, 6 potted plants, 8 to 12 inches in height, of 
each variety were compared, using a sandy loam soil low in available potash. 
Later, 8 potted plants of each of 7 varieties— those showing the greatest 
range of variation in the first experiment — were further tested using com- 
post soil, which is not as favorable to natural water-soaking as soil of lower 
fertility. Two tests were made with each group of plants at 10-day intervals 
and the results averaged. 

Summarized data are in table 6 for the 7 varieties included in both 
experiments. The variety Blooinsdale was the most susceptible, with an 
average score of 2,40 ; and the variety Snow Ball w^as the most resistant, with 
an average scoi'e of 0.85. The percentage of plants water-soaked varied only 
from 100 to 73 per cent for the tm) varieties respectively. Varieties of 
tomato are, in general, more susceptible to natural water-soaking than are 
varieties of tobacco. 

OaU, Prelmiinary trials were made on the relation of natural water- 
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soaking to infection with halo-blight [Pliytomonas coronafaciens (Elliott) 
Bergey et al] of oats in the seedling stage. Six varieties or selections were 
used, representing a range of reaction to the disease on the basis of field 
observations by Dr. H. L. Shands of the Dept, of Agronomy at the Wisconsin 
Station. 

Twenty-five seeds of each variety were planted in rows across each of 
6 flats (14 by 20 by 5 inches) eontaining a 3: 1 mixture of greenhouse com- 
post and sand. Oat seedlings were easily water-soaked, sometimes within 
an hour after placing in the moist chamber. Water-soaking was also ob- 
served, when the air and soil moisture were sufficiently high, on plants placed 
outside. Pour of the replicated flats were inoculated by atomizing with a 
water suspension of bacteria at a distance of one foot or more from the 
seedlings so that the organisms should not be forced into open stomata. 

Distinct varietal differences were found both in susceptibility to water- 
soaking and to disease. Summarized results are in table 7. The average 


TABLE 7 . — Results sliovoing the relation of water-soaking to susceptibility to halo- 
blight (fPhytomonas coronafaciens) of 'varieties and selections of oa>t seedlings 


Designation 

Water- 

Halo -blight reaction 

soaking 

score 

(average) 

In greenhouse 
following artificial 
inoculation 

Infield 

following natural 
infectioiiJi 

X217 

3.8 

Very susceptible 

Susceptible 

Marion 

3.5 

Susceptible 

Susceptible 

X216 

3.0 

Susceptible 

Moderately resistant 

Vicland 

2.5 

Moderately susceptible 

Moderately susceptible 

C.I. 4007 

1.4 

Resistant 

Resistant 

C.I. 4006 

0.9 

Resistant 

Resistant 


a Eating by Dr. H. Shands of Dex)artinent of Agronomy. 


water-soaking score, using the range of 0 to 4 as for tobacco, varied from 
0.9 for the vaidety C.L 4006 to 3.8 for the variety X216, and resistance to 
disease was directly correlated with resistance to water-soaking. The lesions 
on the resistant varieties were smaller and fewer as compared to lesions on 
the susceptible varieties, some of which were very elongated, coiresponding 
somewhat to previous water-soaked areas on the same leaves. The varietal 
reactions following artificial inoculation were approximately the same as 
those observed by Dr. Shands following natural infection (Table 7). The 
results suggest a reliable and rapid means of selecting and developing varie- 
ties resistant to the halo-blight disease. 

Corn, Preliminary trials on water-soaking were also conducted with 
17 dent-corn inbreds, 8 of which were selected to represent the range of 
susceptibility to Stewart’s wilt [Pkytomonas stewartii (Smith) Bergey et 
al.] as reported by Elliott (10) . Twenty plants of each inbred wei*e grown 
in flats for these trials. 

Corn seedlings are very susceptible to natural water-soaking. Fre- 
quently, seedlings water-soaked in the greenhouse without being in the moist 
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chamber ; whereas, tin’s rarely occurred with tobacco, tomato, or oats. Dif- 
feieuces iu susceptibility between iiibi’eds were not easilj'’ determined. 
Numerous droplets of moisture adhered to the leaves, making observations 
more difficult and uncertain, and water-soaking was somewhat obscured by 
the dark green color of certain inbreds. Consequently, the data on varietal 
A aiiation iu corn ai’e not ijresented in detail. More data w'ould be required 
to determine which inbred is most resistant to water-soaking. 

Two of the inbreds, KYS and 32B, were consistently more susceptible to 
water-soaking than were the others. KYS is the most susceptible to wilt of 
50 selections that were tested by Elliott (10) . Leaves of apparently healthy 
plants of these two varieties water-soaked so frequently, just standing on the 
greenhouse bench, that they became necrotic. This necrosis may have been 
associated with the entry of weak parasites into water-soaked tissue as sug- 
gested by Johnson (15) for other plants, or it may be due to an accumulation 
ot toxic concentrations of salts following frequent guttation and dryinff as 
suggested by Curtis (9). ° 

_ Differences in susceptibility to water-soaking of inbreds, with both seed- 
ling and nearly mature plants, have been observed on plantings made out- 
doors. For example, in one trial with 40 seedlings of each of two inbreds 
no plants were water-.soaked of the inbred Ohio 67, which is moderately 
resistant to wilt; whereas, all plants were water-soaked of KYS which is 
very susceptible to wilt. 

The results, although limited in extent, suggest that water-soaked tissues 
may influence infection with and development of the Stewart’s wilt disease. 


The results have demonstrated that varieties of Nkotimia tahacum and 
other plants posse.ss varying degrees of resistance to natural water-soaking. 
The variation secured was of such magnitude that it was believed to offer 
opportunity for the study of the inheritance of this character in plants. 

seemed especially desirable to determine whether resistance to water- 
b aking might be introduced into susceptible commercial varieties with the 
purpose of impronng their resistance to specific diseases. A part of the 
present investigations ivas to determine the correlation between natural 

to JlSr *“ "r •» 

hre. Fairly good agreement was found, which not only supports the earlier 

TeirTutfuffieV' f*"* ^ater-soaking predisposes plants to 

^gc.sts a shorter and perhaps improved method for seleetino- 
I ants for disease resistance. It may be easier, for example' to eliminate 
varieties or plants susceptible to certain diseases by first determiniuo' their 
relative susceptibility to water-soaking. The technique may be partieularlv 

ocmm infreTu^^^^^^^ nir A “ • i 

exnerimentalirh if u that are difficult to reproduce 

o'ationis thei-pf greenhouse. The major contribution of this investi- 
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Considering the entire data on the Fi and Fa generations of twelve crosses 
between tobacco varieties varying in response to natural water-soaking, as 
well as the results on Fy progeny of three of these crosses, the genetic 
behavior is best explained on the basis of multiple factors segregating in a 
normal manner. There is some evidence, however, of the exivStence of domi- 
nant factors for resistance. The most significant fact from the genetic 
studies is that crosses may be made with commercially important susceptible 
varieties with some assurance that lines resistant to water-soaking may be 
secured. 

Some difficulties and problems arise in an investigation of this sort in- 
volving a special technique to secure the expression of a genetically new 
character that is easily influenced by non-genetic factors. There is no 
certainty, for example, that the varieties used were homozygous for the 
character studied, or that a very considerable part of the variation secured 
within a variety is a normal variation due to uncontrollable variation in the 
environment. It is certain that the expression of the natural water-soaking 
character is very delicately balanced with the environment. Consequently, 
minor modifications may prevent its appearance and greatly alter the 
severity of disease. 

Questions of proper or satisfactory terminology are also justifiable in 
connection with the genetic behavior of natural water-soaking. The terms 
'‘resistance’’ and “susceptibility” to natural water-soaking have been used 
in this paper. This terminology is in a measure confusing when it is used 
in close association with their long-established use as applied to genetic 
variations in host behavior toward pathogens. Proper terminology for 
future use is therefore sought. 

SUMMARY 

The natural water-soaking reactions of several foreign, domestic, and 
local varieties of tobacco have been compared under moist-chamber and out- 
door plant-bed conditions. The amount of water-soaking is expressed as 
(1) a “score” based on the amount of leaf area w’’ater-soaked, and (2) the 
percentage of plants water-soaked. One moist-chamber test yielded, for 
example, differences in score ranging from 2.36 to 0.09 and in plants water- 
soaked from 100 to 8 per cent respectively. The susceptibility of varieties 
was greatly influenced by environmental factors ; however, the relative differ- 
ences between the vaideties remained approximately the same. 

The inheritance of the natural water-soaking character in crosses involv- 
ing seven varieties ranging in reaction from the highly resistant to highly 
susceptible has been studied. The Fi progeny of most crosses were appar- 
ently intermediate between the parents ; however, when some varieties were 
crossed, there was evidence of partial dominance of resistance. The reac- 
tions of the p 2 and Fa families eleaiiy indicate segregation of genetic factors 
controlling the inheritance of this character. Many genetic factors are 
apparently involved. Fa families approaching the resistance of the most 
resistant parent were obtained. 
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Varieties of tobaeco likewise siunved varying degrees of resistance to wild- 
fire (Phifiomonai^ fahaei) wlien inoculated under conditions favorable for the 
oeeurrence of natural water-soaking. Results in greenliouse and moist- 
ehainbei‘ experiineiits were essentially the same as in exi^erimeiits in outdoor 
plant beds. .Resistance to this disease was closely correlated w^ith resistance 
to water-soaking. 

Variation in reaction to natural Arater-soaking Avas also found betAveen 
different species of N'icoUana and betAveeii varieties of tomato, of oats, and 
of corn. Varieties of oats inoculated with the halo-blight organism also 
shoAved correlation of Avater-soaking and disease. 

Wisconsin Agricultural Experiment Station, 

Madison, Wisconsin. 
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THE NBMATOCIDAL AND FUNGICIDAL VALUE OF D-D 
MIXTURE AND OTHER SOIL FUMIGANTS 


G . K . P A R E I S 
(Accepted for publication April 30, 1943) 

Until recently, the most effective soil fumigant, other than steam, for the 
control of the root-knot nematode, Heterodera mc/r/hni (Cornu) Goodey, and 
of most soil fungi, was chloropicrin. Ta^dor (6) has reviewed the literature 
pertaining to control of nematodes by this material and Leukel (2) lists a 
number of investigators who have found chloropicrin to be an effective fun- 
gicide. In April, 1943, Carter (1) reported on a new material, D-D mix- 
ture for short, which had shown great promise as a ‘‘soil amendment and 
disinfestanU’ in the Hawaiian Islands. Three years’ testing under tropical 
conditions showed that D-D mixture injected in soil at intervals one foot 
apart, at 150 to 200 pounds per acre, without benefit of subsequent cover, 
gave good control of a soil complex including Anomala beetle larvae 
(Anofriala ori&ntalis)^ the root-knot nematode {H. mcinoni), and Pythi- 
aceous fungi (presumably Phytophthora cimiamonii, P. and 

other members of the Pythiaceae that attack pineapple in Hawaii). Carter 
considered that D-D mixture was at least the equal of chloropicrin in its 
benefits and, furthermore, it was lower priced and simpler to handle. 
Pinckard (4) subsequently reported the value of D-D mixture as a 
nematoeide. 

EXPERIMENTS 

The experiments reported here were begun in July, 1943, to test the 
nematocidal and fungicidal properties of D-D mixture and were continued 
in their various phases until September, 1944. Both forms of D-D mixture 
-were studied, the redistilled mixture of approximately two parts of 1,3-di- 
ehloropropylene and one part of 1,2-diehloropropane, and the crude mixture 
of approximately two parts of 1,3-dichloropropyleiie, one part of 1,2-di- 
ehloropropane, and one part of 3-carbon-atoin compounds of trichlorides 
and tetrachlorides. In addition two other materials similar in chemical 
nature, monochlorobutenes and trichlorobutanes were studied. These mate- 
rials were supplied through the courtesy of their manufacturer, the Shell 
Development Company, Emeryville, California. In preliminary tests, 
chloroiiicrin^ was compared with the other products, but in later trials it 
was not included. 

The root-knot nematode {Ileierodera marioni) was the only nematode 
studied ; fungi studied were Rhizoetonm sp. (probably B. solani)^ 
oxysporum i:lycoperdc^ (Saec.) Snyder and B.amen, Fumrium up, {pmh- 
My F, martii) and PytJmm aphmiidem^^ (Edsou) Pitzpatriek. 

The soils used varied from Norfolk loamy sand, well drained, with or 

1 The ehloropicThi was suiiplied by Innis, Speidexi and Co., 117 Liberty Street, New 
York, as ^ ‘ Larva eidey^ 
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without a fairly high organic matter content, to Woodstown silt loam. In 
a single test, a silt loam, which had been used in greenhouse culture for 8 
months and was well mixed with rotted leaves, was studied. Experiments 
were performed outdooi's during' the fall of 1943, the wdnter of 1943—44, and 
the spring and summer of 1944, as well as in a greenhouse during the fall 
of 1943 and winter of 1943-44. 

In early outdoor tests and in all greenhouse ti'ials the D-D mixture, or 
other materials used, was injected in holes 3-4 inches deep (made by hand 
with a sharp stick), one hole in the center of each square foot of surface. 
The points of application w'ere not staggered. This method is slower than 
the standard procedure described by Taylor (5), because the application 
points are more numerous and the rate of chemical per injection hole is less 
tor an equal poundage of chemical per acre. In later tests, Taylor ’s spacing 
and rate of chemical per injection hole were adopted; the injections Avere 12 
inches apart in staggered rows, the rows 12 inches apart, the holes 6 inches 
deep. In still other tests, the roAvs Avere 18 or 36 inches apart Avith injection 
pomts m the row 12 or 18 inches apart.= The chemicals were measured and 
injected by hand, using a burette and a flask Avith a side tube. With one 
e-xeeptim, that of a trial in which a chloropierin-treated plot was compared 
with a D-Ddreated plot (Experiment No. 1), the treated soil Avas not cov- 
erec ; sometimes the soil Avas Avell Avetted doAvn after treatment, sometimes 
It Avas left undisturbed. 

Crops, either seeded directly or as transplants, were started in out-door 
treated soil 2-3 AA’eeks after chemicals were applied, or as soon as convenient 
tor cooperating farmers on whose lands the tests were installed. In the 
peenhouse, pea and spinach seed, the two test plants groAvn, were soAvn at 
intervals ranging from 1 to 21 days after the soil Avas treated. All green- 

house tests were m raised benches, one foot deep, 12 feet long, and either 
0 or b leet wide. 

The control of root-knot achieved by the D-D mixture or other soil 
amendments Avas judged either visually, by comparing the roots in .n-oss 

of X number o?“n “ untreated soil, or by actual count 

trelteH ^ representative plants groAvn in treated and un- 

AvhenfeSble"^'^“ ^^^P^’^trires at 6-inch depths Avere taken 

Studies 071 Boot-Knot 

; Experiment No. 1 consisted of 18 plots, each 3 by 5 feet, arranged line-irlv 
m a concrete eontainer 6 feet wide, 2 feet deep, and 75 feet long'" fllled Avith 
a silt loam mixed with rotted leaves as used in a greenhouse in which cucum- 
bers and tomatoes had been grown during the preceding winter and snrino' 

mirture /both iiifeted with .ffeterodem marioni. The chemicals, D-D 

mixtuie (both crude and purified), ehloropierin, monochlorobutenes and tri 
ehlorobutanes, were injected into 3 replicated ;reas of 15 sqXrirXh 
and the treated areas were separated by an untreated spael one foot wide 

iiSuggeBtion from G, II, Godfrey; personal 
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to hinder, if not prevent, . inter-plot diffn>sion of the fumigants. Injections 
were at the rate of 150 pounds per acre in holes 3 to 4 inches deep, one injec- 
tion point for every square foot. Appropriate areas left untreated served 
as checks. After treatment the surface soil was wetted down, and, in addi- 
tion, plots with chloropiciun injections were covered with a double layer of 
wet gunny sacking. Plots were treated on July 1-3 (1943), and two weeks 
later tomato seeds were sown. The odor of the D-D mixture was still notice- 
able then, that of the other 3 chemicals could not be detected. Germination 
was good and there was no evidence of any toxic action by the D-D mixture. 
Seven weeks later (Sept. 3-4) the tomato plants were dug, the roots were 
examined for nematode galls, and the tops were weighed. Galls Avere not 
counted, but good control of the nematode by crude and by purified D-D 
mixture and by chloropierin was obtained. No control Avas obtained with 
monochlorobutenes and trichlorobutanes. Check plants were severely galled. 
Mean weights of tomato tops (in grams) were 58 each for the cheek and 
monochlorobutenes, 78 for trichlorobutanes, 85 for purified D-D mixture, 99 
for crude D-D mixture, and 114 for chloroioierin. (The difference necessary 
for statistical significance is 25 grams.) 

Experiment No. 2 is reported here despite the fact that the soil used in 
Experiment No. 1 was used over again, a procedure not beyond criticism. 
The soil was removed from the container, well mixed, and replaced. On 
September 18 it was treated with D-D mixture, crude and purified, and with 
chloropierin, 180 lb. joer acre. Each plot had 25 square feet of soil and one 
injection point per square foot, and each treatment Avas in 3 replicates. 
Again, appropriate areas served as checks, and the treated areas Avere sepa- 
rated from each other by an untreated space one foot Avide. As in Experi- 
ment No. 1, the soil was wetted doArn, but in Experiment No. 2 no plots were 
covered. Bush beans Avere selected as test plants, because of the advanced 
season, and sown in each replicate at 3 different dates, 11, 16, and 18 days 
after soil treatment. Sash Avere x>la(?ed over the plots 6 days after the last 
planting and maintained m situ Avith appropriate regulation to suit outside 
temperatures. One month after the first planting the plants Avere dug and 
counted, and the roots A¥ere examined for root-knot. The data obtained are 
in table 1. 

D-D mixture again gave good control of the root-knot nematode, but it 
caused some injury (expressed as reduced emergence'^) to beans planted as 
long as 18 days after the soil was treated. All chloropierin fumes appar- 
ently had been released at 16 days, but not at 11 days, after treatment. 

Experiments No. 3 and No. 4 Avere in the same soil, in the same container, 
as Experiment No. 2. The 12 plots of Experiment No. 2 Avere left untouched, 

3 In another outdoor test, D-P mixture and trichlorobntanes, injeeted 6 inches deep 
into soil at 190 and 380 pounds per acre respectively, have injured tomatoes when trans- 
planted 14 days after treatment. The soil Avas a poorly drained Woo dstown silt loam of 
relatively low organic matter content and j)H 5.5; the mean minima and mean maxima 
soil temperatures, 6 inches deep, were 71° and 80° F. respectively. No injury Avas noted 
in this soil when monochlorobutenes were simultaneously injected at rates up to and in- 
cluding 1,000 pounds per acre. 
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TABLE 1, — Eelativ^ degree of control of Eeierodera marioni in infested soil treated 
with D-D mixture {crude and purified), with chloropicrin, or left untreated. Bate of 
application^ 180 pounds per acre. Indicator crop loas hush lean 


Treatment of 
soil 

Nematode attack 

Germination of beans sown at different 
times after treatment of soil 

11 days 16 days 18 days 



Bet, 

Bet, 

Bet. 

Untreated 

Severe 

82..5 ± 6.1 

84,3+4.3 

82.6+4,3 

B-D (crude) 

Slight to moderate 

68.0 

77.7 

74.5 

B-D (purified) 

Slight to moderate 

64.0 

79.5 

76.0 

Chloropicrin 

Moderate 

65.0 

89.2 

83.6 


with weed gx'owth unhindered and abundant, until February 10, 1944, when 
weeds were pulled, and the soil chopped with a hoe, care being taken to keep 
the soil in each plot in place. On February 25, Irish potatoe>s were planted, 
20 per replicate, and grown without benefit of fertilization until harvested 
on June 13. On May 9 potatoes growing in soil into which D-D mixture had 
been injected were darker green and of more uniform size than plants gro'w- 
ing in control soil. The heights of all plants were taken; plants growing in 
soil treated with D-D mixture averaged 11.5 inches, , while those in untreated 
soil averaged 8.5 inches, a difference that is statistically significant. Plants 
gi’owing in chloropicrin-treated soil averaged 10.8 inches tall. There was 
little difference in yields of tubers from different plots j nematode infection 
was light in check plots and relatively sparse on tubers from treated plots. 
The x'oots themselves were not examined. 

In Experiment No. 4, four rows of Lima beans, 25 seeds per rows were 
planted on June 18 in each plot used in Experiment No. 3. The soil had 
been kept in place except for the small amount of hoeing necessary to pre- 
pare a seed bed. On August 8, eight representative plants were removed, 
with the roots intact, from each plot, the soil was washed away, and the 
nematode galls were counted. The counts (Table 2) show that for 9 months, 

TABLE 2 , — Effect of tr eating root-hnoi nienatode infested soil with D-D mixture 
a7id with chloropicrin; mean nimher of galls on roots of Lima hean plants groimi in 
treated and 'untreated soil, nine months after soil teas disinfested. Bight plants from 
each plot were examined 


Plot 

No.“ 

Treatment of 
soil 

Mean number 
of nematode 
galls 

Plot 

,No. 

Ti'eatment of 
soil 

Mean number 
of nematode 
galls 

1 

B-Bb 

0.3 

1 

Chloropicrin 

238.3 

2 

None 

524.3 

8 

None 

325.5 

3 

B-D 

0.0 

9 

B-B 

30.7 

4 

Chloropicrin 

44.1 

10 

Chloropicrin 

149.0 

5 

B-B 

0.3 

11 

B-B 

3.3 

6 

B-*B 

0.0 

12c 

None 


" Plots 1 and 2 were at one end of the concrete eontainei% 


emde and purided L-B mixtures were used; since results were tlie same with 
both, no distinetion is indicated. 

c Plot 12, an untreated chock, was abandoned because of its proximity to a drainage 
pipe that caused hooding of the plot. 
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with no pi^ecautions taken to prevent interplot movement of soil by rain or 
irrigation water, and with weed growth unhindered for at least 4 months, 
a root-knot nematode population, reduced by the use of D-D mixture, had 
maintained its low level. Where chloropierin was used, the nematode popu- 
lation, once markedly reduced, had increased, but had not reached its former 
level. It should be noted here that the manufacturers of chloropierin gen- 
erally recommend that their fumigant, when used against nematodes in the 
soil, be applied at a much higher rate per acre than was used in these tests. 

Experiment No. 5 consisted of long, paired beds of well-drained Norfolk 
loamy sand, with moisture-holding capacity approximately 11 per cent, pH 
approximately 6.5, and organic matter content high and so maintained for 
the past 20 years by the owner of the land. Boot-knot had caused some 
losses in this general area in 1943 (3). The beds were made up for celery, 
to be grown under sash. Each bed was 4 feet wide and over 200 feet long; 
in these tests 90 linear feet per bed were used. The 3-foot space between 
each pair of beds was occupied by the irrigation pipe of a Skinner irrigation 
system, and two beds not included in the experiment separated each pair of 
beds studied. One bed of each pair was treated with D-D mixture, there 
being 3 rates of application per bed, 120 square feet of soil for each appli- 
cation rate. The untreated bed of each pair served as check. On Januaxy 
26 or on February 16, 1944, the D-D mixture was injected at depths of 4.5, 
7, and 8 inches, at points 12 inches apart in staggered rows, and injections 
were at imtes of 125, 190, 200, 250, 325, and 400 pounds per acre. The soil 
was left uncovered until March 13-15, then celery transplants, free from 
Heterodera rnanoni, were set out, and sash were placed in position. The 
sash were regulated to suit outside temperatures until permanent removal 
on April 20, 1944. The actual temperatures at 6-inch soil depth in these 
months are not known, but we do have access to soil temperatures at this 
depth, taken in the same area, for a 5-year period, 1932 to 1936. Mean soil 
temperatures for January to May inclusive may have been approximately 
as follows, except that the soil temperatures would have been higher as soon 
as sash were placed over the celery plants : January, maximum 38° F., mini- 
mum 34° P. ; February, 40° F. and 36° P. ; March, 47° P. and 41° F. ; April, 
64° F. and 57° P. ; and May, 81° P. and 72° P. 

No injury that could be ascribed to the presence of the D-D mixture xvas 
noted. On June 6, when the grower on whose land the test was installed 
was harvesting his crop, 60 plants were pulled from the center of each 
treated area and a similar number from the adjacent cheek plot, the soil was 
shaken from the roots, and the celery was weighed without trimming. Five 
other plants, chosen at random, were removed at the same time from each 
treated and untreated area, with care to preserve the roots as intact as possi- 
ble. The soil was washed from the roots, and th e nematode galls of each root 
system were counted. Eesults (Table 3) show that D-D mixture reduced 
the nematode population, but the yields from treated and untreated areas 
of soil are little different. 
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Experiment No. 6 was in the same type of soil and on the same farm as 
Experiment No. 5, the tests being 200 yards apart. The area wms one in 
which celery was diseased severely with root-knot in 1943, yields being re- 
duced 22-36 per cent in nutrimmed plants and 24-48 per cent in trimmed 
celery (3). Two rectangular and parallel areas of infested soil, each 4 feet 
wide and 150 feet long, on either side of an irrigation pipe of a Skinner, irri- 
gation system and separated by a 4-foot wddth of soil, were selected, and into 
one strip D-D mixture was inoected on February 26, 1944, while none was 
injected into the companion strip. The method of application was as de- 
scribed for Experiment No. 5, with rates of application 210, 290, and 375 


TABLE 3. — Average num'bers of nematode galls on, and yields of, celery groion in 
soil infested with Meterodera marmii aiid treated loith D-D mixture or left untreated 


Treatment 
(pounds B-I) 
mixture 
per acre) 

Depth of 
application 
(inches) 

Date of 
application 
(1944) 

Mean number 
galls per 
plant 

Mean yield 
per plant 
(pounds) 

125 

7 

Jan. 26 

36.1 

1.16 

0 



114.1 

1.17 

190 

. ■ 7 

do 

8.0 

1.04 

0 



490.1 

1.13 

250 

7 

do 

0.9 

0.77 

0 



365.2 

1.07 

200 

8 

Deb. 16 

4.2 

0.78 

0 



> 1000.0a 

0.77 

325 

8 

do 

0.0 

0.81 

0 



273.2 

0.92 

400 

8 

do 

0.0 

1.15 

0 



820.4 

0.92 

200 

4.5 

do 

0.2 

0.86 

0 



556.8 

0.93 

325 

4.5 

do 

0.8 

1.07 

0 



132.2 

1.20 

400 

4.5 

do 

0.0 

1.14 

0 



156.4 

1.26 


a After one thousand galls had been counted each plant was discarded. 


pounds per acre, respectively, and 2 replications of each rate. Injection 
depth was 6 inches. The treated area was 80 square feet per replicate. The 
treated soil was not covered. Lettuce transplants, free of Heterodera 
marioni, Avete set out in treated and control areas on March 25. On or 
around April 20 it was noted that plants growing in treated soil were smaller 
and darker green than adjacent plants in untreated soil; the higher the rate 
of application, the greater the injury. Later, the lettuce recovered except 
where application rate was 375 pounds per acre. Due to a misunderstand- 
ing, the grower cut all marketable heads of lettuce from treated and un- 
treated areas on May 22. No weights were taken by him. Two days later, 
the writer counted the number of heads that had been harvested and found 
that 63 per cent were removed from untreated plots, and 70, 65, and 30 per 
cent from plots in which the soil had been treated with D-D mixture at 210, 
290, and 375 pounds per acre respectively. 
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The root sj^stems of 6 lolants taken at random from each replicate were 
carefully removed, the soil was washed away, and the galls were counted. 
Plants grown in untreated soil averaged 660 galls per plant, while those 
grown ill treated soil, regardless of the rate of application, averaged 3 galls 
per plant. Control of the root-knot nematode -was as good at 210 pounds 
per acre as at the higher rates. 

In Experiment No. 7, D-D mixture was injected as in Experiment No. 6, 
but at 275 and 550 pounds per acre, respectively, into Norfolk loamy sand, 
medium to well drained, organic matter fairly high, moisture-holding capac- 
ity 18-20 per cent, pH 6.0-6.2. This soil was known to he infested with 
B[eterode7^a manon% and was shown subsequently to be infested also with 
the fungus, Fythkm aphanidermatum. The soil was treated on April 18, 
1944, there being 2 replications of each rate per acre. Each replication con- 
sisted of 360 square feet. Adjacent unti^eated areas served as cheeks. On 
June 27, snap beans were planted, 4 rows in each treated and untreated area. 
On July 27, 40 plants, taken at random, were removed from treated and 
untreated areas with root systems intact, the soil was washed away, and the 
nematode galls were counted. One hundred and ten galls (mean) w^'ere 
found on the roots of plants grown in untreated soil, while no galls could 
be found on the roots of plants grown in the treated soil. Once again D-D 
mixture was an effective nematocide against Heterodera marioni. d 


Studies on Fungi 

Prom repeated greenhouse tests, during the winter of 1943-44, in Woods- 
town silt loam infested with a Bhizoctonia-F iisarium capable of 

causing pre-emergence and post-emergence damping-off of spinach and pre- 
emergence damping-off (seed decay) of peas (Pimm sativum), it has been 
found that D-D mixture at rates up to 1,000 pounds per acre, trichlorobutanes 
at 250 pounds per acre, and inonochlorobutenes at 450 pounds per acre, have 
very little value in the eradication of these fungi from an infested soil. 
Simultaneously, in the same soils, Arasan (2 per cent by weight) on spinach, 
and Spergon (2 per cent by weight) on peas, gave good to excellent control 
of damping-off. Soil treated with D-D mixture at 1,000 pounds per acre 
gave the first indication of reducing damage by damping-off fungi w^hen 18 
per cent more plants emerged from soil treated with the D-D mixture than 
from the untreated cheek soil, but Arasan used >simiiltaneously reduced the 
damping-off from approximately 60 per cent in the check to less than 10 per 
cent when the seed treatment was used. Seed treatment is faster and easier, 
and consistently more effective. In these greenhouse tests the soil moisture 
was maintained at its optimum, and the pH ranged from 6.0 to 6.5. Soil 
temperatures 4 inches deep ranged from a minimum of 60-66° F. to a maxi- 
mum of 61-78° P. Little phytocidal action by the D-D mixture was noted 
on germinating spinach planted 6 days after soil treatment, and none on 
spinach planted 14 days after soil treatment. There was some evidence of 
injury to the peas planted 10, 12, 15, and 22 days after soil treatment. Inter- 
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estinj^ly enough, the iiijuiy was not observed on peas planted 24 hours or 
3 days after treatment. 

PythiuTii (tphu-uidcrjiitituvi was found in the soil used in Experiment 
No. 7. In this te.st, designed to determine the value of D-D mixture as a 
nematocide at 275 and 550 pounds per acre, the fungus caused a 10 per cent 
post-emergence damping-off of the beans when the plants were 2 J to 3 weeks 
old. One month after planting, counts of surviving plants were made in 
areas treated with D-D mixture or comparable untreated areas. 
the rate of seeding to be the same in all rows, and there seemed to be no 
reason for not believing this to be so, it was found that a mean of 95 plants 
were present in 30 feet of treated row, and 97 plants were present in a simi- 
lar length of untreated row. Though there exists the possibility of recon- 
tamination whh Pythium, a-phanidermatum from outside sources, it would 
seem from this simple test that D-D mixture at 550 pounds per acre did not 
inhibit the action of the fungus. 


TABLE 4.— yrnnier of tomato transplants, variety Maralobe, diseased with 

More planZg or left 

untreated. Sixty transplants set out per treatment and in ohectcs P or lept 


Treatment 
(pounds of B-D 
mixture 

Plants surviving 
transplanting 

Plants vv^itli wilt 

per acre) 

Number 

Percent 

Number 

Per cent 

0 

190 

250 

385 

500 

1000 

29 

26 

27 

27 

30 

34 

48.3 

43.3 

45.0 

45.0 

50.0 

56.6 

23 

22 

19 

20 

22 

24 

79.3 

84.6 

70.3 

74.0 

73.3 

70.5 


Experiment No. 8 was designed to still further test the action of D-D 
mixture against soil fungi. A loamy sand, of low organic matter content 
and good drainage, 15-20 per cent moisture content, pH 5.5, which had iust 
supported a crop of tomatoes almost 100 per cent diseased with Fusarnim 
oxwoTOm f . lycoperstci, was treated with D-D mixture at 190, 250, 385, 500 

holes 6 inches deep, at points 12 inches apart in staggered rows. There were 
6 replieatons of each rate of application and, in addition, 6 check plots- 
each replicate was approximately 36 square feet. Two weeks after treat’ 
raent of the soil, 10 tomato plants of Marglobe variety, free from root-knot 
were set out m each replicate. Unusually hot weatheVcaused a rather Wgh 

fh cent survived; the plants’ demise was not 

thought to be due to toxicity of D-D mixture. On October 15 stems of ill 

tivTS bfec?^*^ ^-tr macroscopically for the discoloration indica- 

beT/r^ V Enough isolations were made to check the 

Sit VtIi If f. lycopersicL 

1 r f 4) show that D-D mixture, at rates up to and inclding 
1,000 pounds per acre, applied to soil containing undecayed roots of tomato 
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plants that had died from Piisariiim wilt, does not reduce the population 
of the pathogen as measured by the methods of the test. Taylor (6) found 
that chloropicrin, at 200 pounds per acre, did not control Heierodera ^narkmi 
when the soil contained fresh infected roots, and gave only fair control at 
300 pounds per acre. However, good control was obtained at 200 pounds 
per acre applied after the nematode-infected roots had disintegrated. 

DISCUSSION AND CONCLUSIONS 

In the experiments reported here, D-D mixture, at 150 pounds per acre, 
has been an effective nematocide against the root-knot nematode, Heterodera 
marioni (Cornu) Goodey. As a fungicide, D-D mixture has given disap- 
pointing results, for at rates as high as 1,000 pounds per acre it has failed 
to control damping-off of spinach and pea seed, caused by Bhizoctonia sp, 
(probably B. solani) and hy Fusarmni s]p. (probably F. martii). The two 
additional soil fungi, Pythiuni aphamdermaiiimi (Edson) Fitzpatrick and 
Fusarium oxysporum f. lyeopersici (Sace.) Snyder and Hansen, were not 
measurably affected by the presence of D-D mixture in the soil at rates of 
550 and 1,000 pounds per acre, respectively. Seed treatment was more effec- 
tive, and easier to use, in the control of the damping-off organisms. 

Two other materials similar in chemical nature, namely monochloro- 
butenes and triehlorobutanes, had no fungicidal action at rates up to and 
including 450 pounds per acre, and no nematocidal action at 150 pounds per 
acre. Triehlorobutanes had decided phytocidal action, D-D mixture less, 
and nionocholorobutenes none at all in these tests. 

D-D mixture may be applied to cold soil (38-40° F.) and its effectiveness 
as a nematocide does not seem to be impaired. However, at low tempera- 
tures and relatively high dosages per acre (375 pounds) a toxic residue may 
remain in the soil, and lettuce transplants have been injured in these studies. 

The writer has found D-D mixture easy to use and he has suffered no 
discomfort from its use. Spilled on the skin of the hands, and immediately 
wiped off, but not always washed off with soap and water as recommended 
by its manufacturers until some hours later, D-D mixture has not burned 
the skin. Its fumes are not pleasant to breathe, but if not inhaled unneces- 
sarily they occasion no great precautions in its use. It is best to wnrk on 
the wdndward side of the container, but D-D mixture has been used on many 
occasions in a closed greenhouse where it caused no ill effects to humans or 
to plants such as tomato, spinach, and cabbage growing within range of the 
fumes liberated from the material. Monochlorobutenes is likewise not un- 
pleasant to use; tidehlorobutanes is a dark, heavy, sticky liquid, which is 
difficult to clean from glassware, and probably also from metallic injection 
machines. Chloropicrin fumes are unpleasant and may damage growing 
plants near treated soil in closed places such as greenhouses. 

• SUMMARY 

D-D mixture has been found to be an effective nematocide against 
Heterodera marioni (Coxmu) Goodey at rates as lo'w as 150 pounds per acre. 
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No covering of the soil, otlier tliau a possible wetting of the surface, seems 
necessary for good retention of fumes of the chemical. In limited compari-* 
sous, in which bush, snap, and Lima beans, tomatoes, potatoes, and celery 
were used, D-D mixture was the equal of ehloropicrin as a nematocide. Two 
materials chemically similar to D-D mixture, namely monoehlorobiitenes and 
tricblorobutanes seem to possess no nematocidal values at 150 pounds per 
acre. 

D-D mixture seems to possess little value as a fungicide in soil disinfes- 
tation studies with the damping-off fungi Bhhocio7iia sp. (probably B. 
solani) and Fuswrium sp. (probably F, martii), and with Pythiimi aphani- 
dermaiitm (Bdson) Pitzpatrick, and Fiisariwm oxyspormn f. lycopersici 
(Saee.) Snyder and Hansen. Dosages as high as 550 pounds per acre were 
not fungicidal to Pythiunij and dosages as high as 1,000 pounds per acre did 
not control the other fungi. 

D-D mixture has a slight phytocidal action if plants are set out iu 
treated >soil too soon after the treatment. At 150 pounds per acre, no injury 
lias been found if 2 ’weeks elapse between treatment and time of planting. 
In (^old soils, the time interval for >safety may be 3 weeks or longer; limited 
studies indicate that the time inteiwal varies with the dosage and also -with 
the particular iilant used. Lettuce has been injured wvhen celery was not 
damaged. 

D-D mixture may be applied to cold soil (30-40° P.) and its effectiveness 
as a nematO(iide does not seem to be impaired. 

Yirginia Truck Experiment Station, 

Norfolk, Virginia. 
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INHERITANCE OF RESISTANCE TO BARLEY STRIPE"*^ 

D . C . A E N Y 

(Accepted for publication May 15, 1945) 

INTRODUCTION 

Barley xStripe, caused hy Helmmihospormm gramineiom Rabh.,, occurs 
in nearly all countries where barley is exten>sively grown, but is of impor- 
tance only in the more cool and humid regions (6, 16).® In the United 
States infections have been usually less than 10 per cent, while reductions 
in yield of 5 per cent were fairly common/'^ Stripe is an important disease 
in the winter barley areas and the West Coast, especially California.®’^ In 
the spring barley areas of the upper Mississippi Valley the widespread use 
of Wisconsin Barbless, a somewhat resistant variety, has reduced the preva- 
lence of the disease in recent years. 

The cycle of infection for barley stripe and pathogenesis in relation to 
disease development have been well worked out. The earlier work has been 
reviewed by Leukel et al. (6), and more recently Stelzner (14) has reported 
further on the host-fungus relations. Conidia are produced in abundance 
on leaves, leaf sheaths, and culms of infected plants at about the time normal 
healthy plants are flowering, and are carried by air currents to florets of 
healthy plants. Under favorable conditions the conidia germinate and as 
the kernel develops the mycelium becomes established on and in the pericarp 
and aleurone layers, but not in the embryo. The following season when 
the kernels germinate the mycelium x)enetrates the young seedling, becomes 
systemic, and eventually invades all parts of the plant. Infected plants are 
more or less reduced in size, depending on the variety, and seldom produce 
plump germinable kernels. 

Stripje can be controlled by seed treatment with the organic mercury 
dusts or similar surface disinfectants. However, it has been found [re- 
viewed by Shands and Arny (12)] after severe natural infection and arti- 
ficial inoculation that a number of barley varieties are more or less resistant. 

Artificial inoculation trials w^ere started at Wisconsin, and were con- 
tinued in connection with the barley breeding program. Since 1935 a large 

1 Published with the approval of the Director of the Wisconsin Agricultural Experi- 
ment Station. A cooperative investigation between the Departments of Agronomy and 
Plant Pathology. Partial support was received from the Wisconsin Alumni Besearcli 
Foundation. 

2 The writer wishes to make grateful acknowledgment to Drs. H. L. Shands and J. G. 
Dickson for generous aid and counsel during the investigations and preparation of the 
manuscript. The figures were prepared by Eugene Herrling. 

•^Dickson, J. G. Cereal Disease Studies in Europe and Asia. 1930. Unpublished. 

4 United States Bureau of Plant Industry. Diseases of plants in the United States 

in 1938. U. S. Bur. Plant Indus., Plant Disease Kptr. Sup. 119, 1939. 

5 United States Bureau of Plant Industry. Diseases of plants in the United States 
in 1939. U. S. Bnr. Plant Indus., Plant Disease Eptr. Sup. 128. 1940, 

Simeson, C. A., and Sylvia C. Santoni. Report on survey trip through ui)per Sacra- 
mento Valley (California) on July 1 and 2. U. S, Dept. Agr., Plant Bis. Rptr. 27: 256. 
1943. 

7 Garriss, H. R. Notes on X3lant diseases in North Carolina in 1942. Small grain 
diseases. U. S. Dept. Agr., Plant Dis. Rptr. 27 : 492. 1943. < 
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number of varieties and selections liave been severely tested. With the cul- 
tures of the fungus used, some varieties have remained highly resistant while 
others have shown various degrees of resistance and susceptibility (12). 

The inheritanee of resistance to stripe was studied by Isenbeck (5).® 
His type ei’osses and resvdts may be summarized as follows : 

Immune x immune— 62 lines showed no infection in the F3 generation. 

Immune X susceptible— among 88 lines, 82 were stripe-free in the P3 
generation, 6 had low infection. Resistance was 
apparently dominant. 

Resistant x resistant— some P3 lines were more susceptible than either 
parent. 

Susceptible x resistant— dominance of resistance was again indicated. 

Susceptible x susceptible — the majority of the P3 lines were susceptible, 

but some were more resistant than either par- 
ent. 

Both w'et and dry inoculations were used by Isenbeck. Only a single 
test was made on each line, and the reactions of the parents under compara- 
ble conditions were not indicated. A few lines had as much as 60 per cent 
infection. The large number of lines in all crosses which had no infection 
might be a.seribed partly to the inader|uacies of his inoculation techniques. 
In his results there were no sharply defined divisions between slight and 
high susceptibility, but rather continuous variation. He concluded that 
lesistance was a heritable character, and that resistance wms dominant in 
the varieties used. It was not possible to make a factorial analysis, although 
the absence of sharp divisions for infection groups suggested that several 
factors w^ere involved. In one cross, susceptible x resistant, he used a “spore- 
kernel inoculation method to test the lines, and found that the results 
agreed with those obtained by fioral inoculation, but infection wms more cer- 
tain w'itli the “spore-kernel” method. 

1 he work of fehands ei al. (13) indicated that factors for stripe reaction 
were inherited, but gave no suggestions as to the exact manner of their in- 
heritance. Prom crosses involving resistant and susceptible parents, selec- 
bons with various degrees of resistance and suceptibility were obtained. 
^Sbility ' to the susceptible parent gave inerea.sed sus- 

_ Since resistance to stripe- is important in the barley breeding programs 
m Wsconsm and Other barley producing States, it seemed desirable to know 
moie detoitely the inheritance of the reaction to the disease. Attempts 

the resistance of certain varieties was inherited; 
and which chromosomes earned the factors for resistance. 

MATEBIALS AND METHODS 

Inoculation Technique 

Tf f inoculation used in this work has been described (1, 12). 

It has given fairly consistent infection in susceptible varieties. The m^od 

8 Also reported by Hoemcr aZ. (11). 
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lias been tested at various stages to determine wliat conditions were optimum 
for infection, and where the schedule could be changed when necessary with- 
out seriously atfectiiig the results. In general, inoculum 2 to 4 days old 
has been best, although that 12 days old has given good results. The amount 
of infection was increased as the incubation period was lengthened, but 
beyond 4 days the increased amount of infection was more than offset by a 
decrease in the total number of plants developing beyond the early seedling 
stage. Seed of rye and barley used as the substrate for growth of the inocu- 
lum gave no better results than wheat. A higher water content in the wheat 
medium has given some increase in infection, but again this w^as offset by 
a decrease in the total number of plants surviving. 

Source of Causal Orgamsm 

The culture of fungus used in all the present experiments has been desig- 
nated as C-1. This culture originated from a single hyphal tip isolated 
from a Wisconsin eollection in 1932 (12). Since then it has been carried 
in artificial culture by mass transfers. It has maintained a high degree of 
pathogenicity on Oderbrueker, and other barley varieties have reacted to 
it in essentially the same manner from year to year. There is very little 
chance that natural infection has affected the results, since practically no 
naturally infected plants have appeared on the Hill Farms during the time 
these experiments were carried out. 

Parental Varieties 

The stripe reactions of the varieties and selections used in the inheri- 
tance studies are in table 1. The reactions are given as averages only, but 
indications of the variability between tests are presented in figures 1, 2, 4, 5, 
and 6. Varieties in which there have been no stripe-infected plants, such 
as Persicum and Brachytic, have been classified as highly resistant. Varie- 
ties with infections from 2 to 15 per cent, such as the Lion selections, have 
been considered resistant. Oderbrueker, Colsess IV, and Iris have been 
highly susceptible under the conditions of these tests. In the results and 
discussion that follow these terms will be used in the sense indicated. 

Lion is a black barley which has been used as the smooth-awned parent 
for several varieties grbwn commercially in the United States. The two 
selections Avere alike in all respects, except that Lion 28 has seemed to be 
slightly more susceptible to stripe than Lion 36. Persicum is a smooth- 
awned, 2-rowed variety that came from Russia. Brachytic, a selection with 
much shortened internodes, originated as a mutant in normal Himalaya (8). 
Oderbrueker is a rough-awned Amriety which was the standard malting 
barley in Wisconsin for many years. Robertson (9) developed the stock 
Colsess IV, which carries the lethal seedling character, xantha, in a hetero- 
zygous condition, but in the Avork reported here only the homozygous green 
lines of this stock Avere used. Iris is a rough-aAvned, naked-kerneled variety 
of no commercial importance. 
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Beside their stripe reactions these varieties had other differentiating 
morphological characters known to mark particular linkage groups. Thu^ 
crosses have been studied for these characters as well as for stripe reaetioiu 
Classifications for these characters were made on P, plants and verified in 
noninoculated Pa families. 

• l.—Seactions of iiarcntal varieties when, inocniated artificialhi with Bel- 

mmtlmvormm grammeum Itabh. {Culture C-1) in field and greenhouse trials at Madi- 
son, Wiseonsm from 1SS9 to 1944<^ .- o «i, situai 


Vai-iety 


G.I. Ko.b 


Stripe infected plantsc 


Lion 28 

Lion 3() 

Persicuni 

Braehytie 

Golsess IV 

Oderbrueker 

Iris 


923 sol 
923 ael. 
(mi 
m2 

5979 

466() 

998 


XJUUclUUIi OX 

trials 

Trials 

Low 

High 


No. ’ 

Pet. 

Pet. 

Greenhouse 

62 

6 

48 

I^ield 

16 

5 

16 

Greenhouse 

06 

2 

10 

Pield 

32 

■ 5 

16 

Greenhouse 

104 

0 

0 

Field 

21 

0 

0 

Greenhouse 

54 

0 

0 

•Field 

76 

0 

0 

Greenhouse 

32 

56 

86 

Field 

38 

67 

82 

Greenhouse 

212 

79 

91 

Field 

107 

69 ^ 

91 

Greenhouse 

23 

80 

93 

’Field 

5 

89 

95 


Weighted 

average 


Pet. 

15 

9 

6 

8 

0 

0 

0 

0 

73 

77 
84 

78 
81 
91 


tion of trieS Included in a previous re^rt ou stripe reac“ 

“paXeifof 


Method of Testing Segregates 

Hybrid material was tested in the P. and to a limited extent in the P,. 
2, an P4 generations. Because inoculation did not eliminate all plants 
exne!?pTf Oderbrueker, tests of P, plants could not be 

X ot their reactions. Inocu- 

used f e ^bere a large population and several trials could be 

used, have theretore, been considered to give a more nearlv true picture of 
tte reaction of P. plants. Twenty-five or thirty kernels p;r ^0 werrused 

L' tfejr^’' tested more than once in attempt- 

to eliminate possible escapes or sampling errors. Oderbrueker and the 

i? ’ ^ “dueled once for every 17 or 18 hybrid lines. A number of 

tests were made of the P, and random samples of the P., material Tim P 

msUnce, and each line was tested at least twice. In general, all the P^ lines 


1945] 


Arny: Resistance to Barley Stripe 


of a cross were tested at once, but because of limited facilities it was not 
l^ossible to test each line more than once at a given time. Thus the trials 
were not strictly replications, and comparisons between them eonld be made 
only on the basis of the percentage infection of Oderbrucher and the sus- 
ceptible parent in the respective trials. F 4 lines were made up by bulking 
the plants from noninocnlated ro-ws of F 3 lines which had been highly sus- 
ceptible or resistant in other tests. Duplicate inoculations were made on 
F 4 lines. 

The stripe disease has been relatively easy to classify, as in most cases 
the symptoms on stripe-infected plants were obvious, and plants were either 
healthy or distinctly stinpe-infeeted. Occasionally, questionable plants ap- 
lieared, but not frequently enough to have any appreciable effect on the 
results. 

INHERITANCE OP RESISTANCE 

LionxOderbndker 

As shown in table 1 Lion 36 has been resistant under conditions which 
produced high amounts of infection in Oderbrucker, The reactions of the 
Fi and F 2 generations of Lion 36 x Oderbrucker, with the checks of parent 
varieties, are showm in figure 1. On the basis of the average infection 
both generations were susceptible. No significant differences appeared 
between progenies from reciprocal crosses. Lion 28 has appeared to be 
somewhat more susceptible than Lion 36. In the Fi of Lion 28 x Oder- 
brueker the amount of infection was slightly less than in Lion 36 x Oder- 


PARENT OR CROSS 
AND GENERATION 


ODERBRUCKER P 


ODERBRUCKER F\ 
RECIPROCAL Fl 

LION 36 X 

ODERBRUCKER F 2 


LION 28 X 

ODE RBRUCKER F| 
RECIPROCAL F| 

LION 28 X 

ODERBRUCKER F 2 

ODERBRUCKER* P 
LION® P 

LION X 

ODERBRUCKER' F 2 


NUMBER OF TESTS IN 
percentage INFECTION 
CLASSES:®^ 


AVERAGE 

INFECTION 


Pig, 1* Lion x Oderlbrucker. Distribution of tests of parents and Pi and P*. piox^ula- 
tions in percentage classes according to the stripe infection when artificially inoculated. 

a Parents and Pi and Pa populations were placed in infection classes on the basis 
of individual tests, while P^ lines and backeross lines were placed on the basis of the 
averages of 2, 3, or 4 trials as indicated. The height of the column in each class is pro- 
portional to the number of tests or lines which fell in that class. 

V 10.1 to 20.0 per cent inclusive, 
c Unpublished data from H. L. Shands, 1932, 
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brucker, and in the Pa the amount was distinctly less. This was due in part 
to a les.ser infection in the trial in which the major portion of the tests of 


the Pa of Lion 28 x Oderbrueker was run. In an earlier test it was found 
that the P. of Oderbrueker x Leiorrynchum (Lion) was very susceptible, as 
indicated by the data at the bottom of figure 1. Prom the reactions of the 
Pi and Pa generations it appeared that the susceptibility of Oderbrueker 


was at least partially dominant. 

One hundred sixty-two P;, lines taken at random from a noninoculated 


Pa population were tested 4 times each for their stripe reaction. An analy- 
sis of variance of the P,i data transformed to sin“ (because the data were 
expressed as percentages) indicated that there was some differential reaction 

number or TESTS OR LINES AVERAGE INFECTION 

REPLI' IN percentage INFECTION ODER- 

’ OR LINES n 

CATIONS CLASSES. LINES BRUCKER LION 

0 15 35 S5 75 95 CHECKS CHECKS 

; ^ t J , L__j J i 


ODERBRUCKER P 


NO. 

7B 



PCT. PCT. 

85 


LION 36 P 

LION 28 P 
LION 36 X 

OOERBRUCKER r3 
/non- I NOG “\ 

\ULATEO r^j 162 

LION 36 X 

OOERBRUCKER F3 
/STRIPE-FREE \ 

( PLANTS FROM | 
VNOCULATED F 36 

OOERBRUCKER X 
F,(lI0N 28 X 
OOERBRUCKER) ,47 


LION 28 X 

F I (lion 28 X 
OOERBRUCKER) 



31 


35 


59 


2 I 


91 3 


80 9 


80 


15 


86 23 


Fia. 2. liioii X Oderbrueker. Distribution of x^arents, Dji lines, and baekeross lines 
in percentage classes according to the stripe infection when artifieially inoculated. 

^ See footnote for Pig. 1. 


ill lines between replications, but it did not api)ear to be serious. The lines 
were placed arbitrarily in 10 per cent reaction classes on the basis of the 
average infection for 4 replications. When the transformation was used the 
standard error within these classes was uniform over the whole range of 
infection percentages, and the minimum significant differences were only 
slightly larger than the classes. Similar statistical treatments were given 
the crosses to be discussed subsequently, and the results were almost iden* 
tieal , 

The distribution of iiarental checks and F.^ lines (from noninoculated 
Fg) is shown in figure 2. The distribution of the lines was fairly normal, 
though skewed toward the resistant side, with the mode in the 25 per cent 
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ODCRBRUCKER CHECKS 


„••• OOERBRUCKER X 
PiCLION 28 X ODERBRUCKER) 


LION 30 X 
OOERBRUCKER 
N = 1B2 




»** LION 20 X 

Pi(UON 20 X OOERBRUCKER) 
NslOt 


LION 20 CHECKS 


F3OR BACKCROSS LINES 



*» IRIS CHECKS 


> COLSE5S IV CHECKS 


PERSICUM X IRIS 


0 WlNMWlllt/A\UUU/A*A 


F3 LINES 

Fia. 3. Distributions of parents, D 3 lines, and backeross lines in order of increasing 
average stripe infection. Eacb solid black mark represents a line. 
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class and the mean in the 35 per cent class of infection. As would be ex- 
pected from the fact that Lion 36 was not completely resistant there were 
no P.<, lines in the 0 per cent class. There were few lines in the susceptible 
end of the distribution, and it was doixbtful whether any lines were as sus- 
ceptible as Oderbrucker. Although the inoculation treatment was rather 
severe there did not appear to be any marked selective mortality before 
emergence, since the number of plants per line was nearly as high in the 
susceptible classes as in the resistant. This is indicated by the following .- 

Percentage infection classes 5 15 25 35 45 55 .65 75 

Average number of plants per line 

(100 kernels planted) 66 68 67 65 64 64 63 69 

The distribution of the Fa lines in order of inereasing average striiDe infec- 
tion is shown in figure 3, A. The curve formed showed a continuous varia- 
tion, vdthout discrete classes of resistance or susceptibility. 

Thirty-six lines obtained from F 2 plants which remained striiDc-free 
tinder a severe inoculation of an F 2 population were tested for stripe reac- 
tion. About 65 per cent of the F 2 plants had been eliminated by stripe 
infection. The distribution of the remaining lines, based on the average 
of 3 tests each, is given in figure 2 under the designation (Inoculated Fa). 
The distribution appeared to be very similar to that of the lines .from the 
noninoeulated F 2 . The data indicated that the Fa test did little to select for 
resistant plants. 

Part of the lines from the noninocnlated Fa population were tested 
further in the F 4 . These lines were chosen because they were either high 
or low in amount of infection in the F 3 tests. The F 4 lines were made up 
by bulking plants from noninoeulated F^ rows. The data are in table 2 . 
The infection averages for the 2 generations agreed very well. In these 
tests it appeared that lines 21 , 84, and 106 were as susceptible as Oder- 
brucker, and 13 lines "were as I’esistant as Lion 36, if 15 per cent were con- 
sidered the upper limit for resistance. 

Ft {Lion 28 x Oder'hruoher) x Oderhrucker 
The backeross plants were grown without inoculation, and the lines 
obtained tested for stripe reaction. Results for reciprocals were combined 
because of their similarity. The distribution of the lines, as given in 
figure 2 , showed a definite shift toward snseeptibility when compared to 
the simple cross. The average infection in the P 3 lines was increased by 
28 per cent by the introduction of another complement of the suseeptible 
genotype. The distribution of the baekex’oss lines in order of increasing 
average infection is shown in figure 3, A. The curve showed considerably 
higher infeetion than that for the simple cross, and there axxpeared to be 
no obvious breaks in continuity. 

Fi {Lion 28 x0 derlnieker) X Lion 28 
The distribution of the lines of this backeross tested for stripe reaction 
also appear in figure 2. The results for reciprocals were combined. 
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Eiglity-five per cent of the lines seemed to be as resistant as tlie Lion 28 
checks. The 3 lines in the 0 per cent class showed some stripe on further 
testing. The resistance of Lion 28 appeared to be dominant in this cross. 
The distribution of the lines in order of increasing ayerage infection is 

TABLE 2. — Comparison of percentage stripe infection of high and low Eg lines 'with 
percentage infection in corresponding E4 lines 'made up h'l} hulJcing uninoculated Eg rotvs 


Lion X Oderbrucker 

Persicum X Oderbrucker 

Line 


■ 

Line 

Ea 

E4 

number 

Average^ 

Average^ 

number 

Averaget^ 

Average^ 


Pet 

JCct. 


Pet 

Pci, 

65 

1 

9 

27 

81 

64 

121 

4 

9 

60 

69 

36 

177 

4 

32 

97 

69 

40 

81 

5 

12 

34 

60 

28 

165 

5 

9 

72 

57 

22 

166 

5 

27 

100 

57 

18 

167 

5 

10 

110 

57 

17 

50 

6 

14 

28 

55 

27 

93 

6 

6 

7 

54 

22 

14 

7 

17 

166 

53 

13 

83 

7 

15 

57 

52 

35 

186 

7 

10 

43 

51 

25 

18 

43 

8 

8 

7 

19 

Ave 

51 

25 




190 

8 

27 

Oderbrucker ... 

93 

71 

90 

9 

9 

Persicum 

0 

0 

105 

132 

9 

12 

21 




9 

Brachytie x Oderbrucker 

98 

117 

10 

10 

6 

16 




Line 



Ave. . 

7 

14 

number 

Averaget^ 

Average^ 

106 

79 

71 


Pet 

Pet. 

150 

79 

, 62 

208 

65 

45 

12 

77 

48 

15 

58 

37 

124 

72 

62 

26 

52 

37 

44 

71 

48 

29 

41 

26 

21 

69 

71 

47 

39 

6 

92 

69 

54 

84 

38 

45 

84 

66 

76 

65 

37 

33 

158 

66 

63 

136 

36 

39 

77 

65 

66 

48 

35 

46 

69 

63 

65 

126 

35 

30 

15 

61 

33 

97 

32 

58 

Ave 

............ 70 

60 

Ave. 

43 

37 

Odebrueker 

91 

75 

Oderbrucker .. 

74 

60 

Lion 36 

3 

7 

Brachytie 

0 

0 


a Average of 4 trials, 2 in field and 2 ill greeiilioiise. 
b Average of 2 trials in greeiilionse. 
c Average of 3 trials. 

Average of 4 trials. “ 

^ Average of 2 trials. 

shown graphically in figure 3, A. Again there were no obvious breaks 
in the curve, and infection percentages were loiver than for the simple 
cross. 
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Tlie data for the several generations of Lion x Oderbrucker were some- 
what contradictory. The amount of infection in the Pi and Pa indicated 
that .susceptibility was at least partially dominant; however, the distribu- 
tion of the Pa lines indicated that resistance was partially dominant. Tests 
of selected P4 lines agreed with the P3 findings, suggesting that the P3 
cla.ssifieations were essentially correct, and that the P3 lines with high and 
low amounts of infection were relatively pure for stripe reaction. The 
results with Pa lines from an inoculated P2 population suggested that the 
inoculation of Pa material had no selective effect towards resistance. If 
the tests of the P3 were considered the most reliable, then the skewness of 
the distribution of lines would indicate that resistance was partially domi- 
nant, and the normality of the distribution would suggest that several fac- 
tors were involved in conditioning stripe reaction. The baekeross of the 
Pi to Oderbrucker, in which 10 per cent of the lines fell in or above the 85 
per cent infection class, suggested that a 3-factor difference was involved. 


PARENT Oft CROSS 
AND GENERATION 

REPLI- 

CATIONS 

PLANTS 


NUMBER OF TESTS IN 
PERCENTAGE INFECTION 
CLASSES: 



AVERAGE 

INFECTION 





0 

15 35 55 75 

. 1 . , ■ . 1 . . 1 . ■ 1 


95 

_L _ 




NO. 

NO. 





PERCENT 

ODERBRUCKER P 


47 

996 



m 

M 

85 

PERSICUM P 


13 

269 

m 

— 



0 

PERSICUW X 
ODERBRUCKER 


2 2 

338 

i 




1 

PERSICUM X 

oderbrucker 

>^2 

26 

557 

m 

||»» 



6 


Fig. 4. Fmiciim x Oderbrucker. Distribution of parents and Fi and Fs popula- 
tions in percentage infection classes according to the stripe infection when artificially 
inoculated. 


The baekeross of the Fi to Lion seemed to substantiate this possibility by 
showing 85 per cent of the lines in the 25 per cent infection class or below. 
The resistance of Lion was apparently dominant in these baekeross lines. 
The ease with which parental types were regained in baekerosses suggested 
that the inheritance was not complex. 

Persicimx Oderhrucker 

Persienm has been highly resistant in all inoculation tests made with 
culture C-1. The reactions of the Fi and F2 generations of the cross 
Persienm x Oderbrucker are given in figure 4. The results for reciprocals 
were combined. Most of the Fi plants were resistant when either variety 
was used as the female parent. The Fa generation had a slightly higher 
number of sti^ipe-infected plants. The resistance of Pei\sieum appeared 
to be dominant. 

The distribution of the P3 lines, based on the average infection, is shown 
in figure 5. A large propiortion of the lines were highly resistant, with 
20 per cent of them in the 0 per cent infection class. No lines appeared to 
he as susceptible as Oderbrucker, although one line in the 85 per cent class 
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approached it. The distribution of the lines in order of increasing^ 
average infection appears in the middle curve of figure 3, B. The curve 
formed suggested no definite divisions except the one susceptible line and 
the highly resistant class. No differential mortality appeared in the higher 
infection classes as the aA^erage number of plants per line in the higher 
classes Avas nearly the same as in the loAver classes, as shown in the follow- 
ing: 

Percentage infection classes 0 5 15 25 35 45 55 65 75 85 

Average number of plants per 


There Avas a slight downward trend from the 5 per cent class to the 55 per 
cent class. The 65 and 85 per cent classes contained only 2 lines and 1 
line; respectively. 


NUMBER OF TESTS OR LINES 
REPLI" IN PERCENTAGE INFECTION 
CATIONS CLASSES 


AVERAGE INFECTION 

ODER- PERS- 
INES BRUCKER JCUM 
CHECKS CHECKS 


OOERBRUCKER P 


PERStCUM X 

OOERBRUCKER F3 
ODERBRUCKER X 
F|(PERSICUM X 
ODERBRUCKER) 


PERSICUM X 

F|(PERSICUM X 
ODERBRUCKER) 


111 . 

-Ii 

il- 


Pio. 5. Persicum X Oderbrueker. Distribution of parents, Da lines, and baclccross 
lines in percentage infection classes according to the stripe infection when artificially 
inoculated. 

. ‘*1 See footnote for Dig. 1. 

Lines that were highly resistant or relatively snsceptible in the Fa were 
tested again in the F4 as a check on the Fa classification. These F4 lines 
were from bulked, noniiioculated Fa roivs. The averages for the 2 gen- 
erations of these lines are in table 2. The inoculation tests for the F4 lines 
were less severe than for the Fa lines, as is shown by the lower average for 
the Oderbrucker checks. With the exception of lines 68 and 87 those lines 
Avhich shoAved no infection in the Fa also showed none in the F4. There 
were 17 lines with no stripe-infected plants in either the Fa or the F4- 
Lines Avith high infection in the Fa had some susceptibility in the P4, but 
only line 27 appeared to be as susceptible as Oderbrucker. 

Fj {Persictm x OderJ)rHcJm^) >< 

Fi plants of Persieuin x Oderbrucker Avere backcrossed to Odei'brucker, 
and the crossed seed grown to produce haekeross lines. The Fi plants were 


life.' 


A -it hfe “ 
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used both as male and female parent. The distribution of the baekcross 
lines is shown in figure 5. The average infection in the lines in which the 
Iiybrid was the female was ieSvS than in those in which Oderbrucker was the 
female (21 per cent compared to 41 per cent). The distributions of the 
progenies from reciprocal crosses w^ere essentially similar, however, and 
both showed a definite trend towards susceptibility when compared to the 
distribution for the simple cross. There were 18 lines in the 75 and 85 
per cent classes which thus appeared to be as susceptible as the Oder- 
brueker cheeks. Since every baekcross line had at least half of the Oder- 
brueker gene complement, and resistance was not completely dominant, no 
lines would be expected in the 0 per cent class. The distribution of the 
lines in order of increasing average infection is shown in the upper curve 
of figure 3, B. Breaks in the distribution w^ere suggested at the 35 and 65 
per cent levels. 


Fi (Persic/um x OderirueJcer) x Persicum 

Similar crosses were made with Persieum as the recurrent parent, and 
a limited number of lines tested for stripe reaction (Fig. 5). Seventy per 
cent of the lines appeared to be stripedTee, and the balance showed only a 
low" percentage of infection. Resistance appeared to be partially domi- 
nant. The distribution of the lines in order of increasing average infec- 
tion is shown in the lower curve of figure 3, B. 

Based upon the amount of infection in the Fi population of Persicum x 
Oderbrucker it may be concluded that the factors responsible for resistance 
in Persicum were almost completely dominant over the factors for suscep- 
tibility in Oderbrucker. This dominance w^as evident also in the results 
of the studies of the Pa, and backcrosses. In the several tests of P 2 

populations there was a total of 525 healthy plants and 32 vStripe-infeeted 
plants. This very closely approximates a 15 to 1 or dihybrid ratio, P 
lying between 0.95 and 0.50. This w^ould suggest that Persicum differed 
from Oderbrucker in 2 factor pairs, either one of which gave resistance. 
This hypothesis does not take into account the escapes in the P 2 tests. 

The behavior of the P 3 and baekcross lines also suggests a factorial 
hypothesis for the difference in stripe reaction between Persicum and 
Odei’brucker. In the distribution of F 3 lines approximately 20 per cent 
of the lines were as resistant as Persieum, and only 1 line (less than 1 per 
cent) as susceptible as Oderbrucker. These 2 classes may be considered 
as homozygons resistant and susceptible respectively, although the resis- 
tant class likely contained some heterozygous lines. All the lines between 
these extiwes were probably heterozygous in various degrees and there 
appeared to be no logical means of separating them further. Although 2 
factors were suggested by the F^ tests, the low- number of susceptible lines 
in the Fa made it seem likely that at least 1 additional factor was involved. 

If it is assumed that Persicum has 3 independent, dominant factor pairs 
for resistance, and that ^ has the recessive allelomorphs for 
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complete susceptibility, the F 2 plants of a cross between these 2 genotypes 
(AABBCC and aabbcc) might be grouped on the basis of their Fa breed- 
ing behavior as follows : 10/64 would give no segregation in the Fa for at 
least 2 dominant factor pairs and would be highly resistant in the Fa, 
53/64 in the F 3 would segregate or be homozygous recessive for at least 2 
of the factor pairs, and 1/64 would be true-breeding recessive in the F 3 
and completely susceptible. 

This would give a ratio of 10 highly resistant : 53 intermediate : 1 suscep- 
tible. The comparison of the calculated with the observed ratio indicates 
that the agreement was satisfactory. 

Observed Calculated 


Highly resistant 34 26.1 X“=:3.66 

Intermediate 132 138.3 P lies between 0.2 and 0.1 

Susceptible 1 2.6 


On the basis of this hypothesis it would be expected that one-eighth of 
the baekcross lines, with Oderbrucker as the recurrent parent, would be 
susceptible. If the baekcross lines in the 75 and 85 per cent infection 
classes were considered as susceptible, the agreement of the observed 
segregation with the expected was good. 

Observed Calculated 


Intermediate 96 100 5 (;' = 1.30 

Susceptible 18 14 P lies between 0.3 and 0.2 


In the baekcross with Persicum as the recurrent parent about 70 per 
cent of the lines were highly resistant. This suggested a 2-factor differ- 
ence between the 2 parents. If this baekcross were to fit the 3 -f actor 
hypothesis suggested above, 50 per cent of the lines should show some 
stripe-infected plants. This was obviously not the case, although further 
tests might bring closer agreement. 

B^^aeJiytic X Odertnicker 

Brachytic has been highly resistant in tests using culture C-l. In 
crosses with Oderbrucker the Fi and F 2 generations reacted to stripe as 
shown in figure 6 , A. The reactions were essentially the same as in the 
cross Persicum x Oderbrucker. 

Four stripe tests were made with each F 3 line of this cross. One of 
these was in the greenhouse and the others were in the field. Because of 
dry soil the field tests were poor and the infection vei^y low. The distribu- 
tion of the F 3 lines on the basis of the average of the 4 tests is given fn. 
figure 6 , A. It was very similar to that for Persicum x Oderbrucker, except 
that the average infection for all lines was lower. The distribution of the 
lines in order of increasing average infection was also every similar and 
thus is not shown here. Again a few lines approached the susceptibility of 
Oderbrucker. This lack of susceptible lines did not seem to be the result 
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of differential mortality of 
shown in the following ; 

stripe-infected 

plants 

before emergence as 

Percentage infeetioii classes 

0 5 ; 

L5 25 

35 45 55 65 

Average number of plants per line 


(120 kernels planted) 76 66 67 68 66 84 62 87 

There were only 2 and 3 lines in the 55 and 65 per cent classes respectively. 


Lines with no infection or with relatively high infection in the ivere 
tested again in the F4 as bulks from noninoculated F3 rows. The amount 
of infection in the Oderbrucker checks in these tests was low. A compari- 
son of the Fs and F4 is in table 2. With the exception of lines 58, 114, 
118, and 142, lines with no infection in the F3 had none in the F4. These 
exceptions indicated that some escapes occurred in the F3 tests. There 
were 19 lines with no stripe-infected plants in either the F3 or the F4. 
Lines that were high in infection in the F3 tests also had fairly high infec- 
tion in the F4. 

In general the several generations of the cross Brachytie x Oderbrucker 
have reacted to stripe inoculation in the same manner as did those of the 
cross Persicum x Oderbrucker. The presence of 2 dominant factor pairs 
in Brachytie was suggested by the F2, as the agreement with the 15 to 1 
ratio expected on this basis was satisfactory, P lying between 0.5 and 0.3. 
There were 362 healthy plants and 19 stripe-infected plants in the several 
F2 tests. Because the Fg tests were not severe, infection in the lines was 
generally low. Resistance appeared to be dominant over susceptibility, and 
apparently more than 1 factor difference was involved. The significance 
of the fact that slightly more than one-fourth of the Fg lines w^ere highly 
resistant Avas problematical. Tests of certain F4 lines showed that the Fa 
classifications were essentially correct, and that some degree of homozygosity 
for stripe reaction had already been reached within the lines. The 3-factor 
hypothesis which seemed to fit the Persicum x Oderbrucker F3 and back- 
cross results, did not give satisfactory agreement for the progeny of 
Brachytie X Oderbinicker. 

Colsess IV X Brachytie 

Colsess IV has been highly susceptible to the culture of the stripe fun- 
gus used in these tests. The results for Colsess IV x Brachytie are shown 
in figure 6, B. Inoculation of Fi plants gave 8 per cent infection, indicating 
a partial dominance for the Brachytie resistance. In the F2 generation 212 
plants remained healthy and 44 became stripe-infected, a ratio of 4.8 to 1 
or an average of 17 per cent infection. The distribution of the Fg lines 
was distinctly different from the Lion x Oderbrucker or the Persicum x 
Oderbinicker type, because in Colsess IV x Brachytie there were relatively 
more susceptible lines. Twenty-five per cent of the lines had no infeetioii, 
and 6 per cent had above 60 per cent. If the distribution is divided accord- 
ingly the segregation closely approximates that expected on the basis of a 
difference of 2 factor pairs, 1 major and 1 modifier. 
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Observed Calculated 


4 Mglily resistant 37 38.2 = 0.109 

11 ititermediate 107 105.2 P lies between 0.95 and 0.5 

1 susceptible 9 9.6 


This division at the 60 per cent infection level was indicated by the 
distribution of the lines in order of increasing average infection as shown 
in figure 3, C. There was also a rather definite break at the 25 per cent 
level, but the significance of this was not evident. 

Persictinixlris 


Iris has been highly susceptible to the fungus culture used in these 
tests. Iris was crossed with Persicuni, and the several generations tested 
for stripe reaction. Tlie distributions are given in figure 6, C. Only a 
few plants were tested in the F i but they all remained healthy, indicating 
that resistance was dominant. In the F. there were 299 disease-free plants 
and 19 stripe infected. This closely appi-oximates a 15 to 1 ratio (y^ = 0.05 • 
P lies between 0.95 and 0.50). 

The distribution of the P„ lines was very similar to that of the Colsessx 
Bitchy tic P., progenies. There were 11 lines with 75 per cent or more 
infection. If these were considered susceptible then the observed and 
calculated ratios would be as follows : 


Observed 


Highly resistant 28 

Intermediate 100 

Susceptible 11 


Calculated 

33.6 X"* =7 2.20 

^2.4 P lies between 0.5 and 0.3 

8.4 


This again indicated a 2-factor difference with 1 major and 1 modify- 
ing factor. However, the break at the 75 per cent level might be question- 
able, as it was not definitely indicated on the curve in figure 3, C, formed 
by the distribution of the lines in order of increasing average infection. 
This curve is strikingly similar to the corresponding one for Colsess IV x 
Brachytie. 

PersictmxBrachytic 


Both of the varieties in this cross have been highly resistant in tests 
with culture C-1. P,, hues of the cross have been tested for their stripe 
reaction _ Figure 6, D, shows that while fairly high amounts of infection 
occurred in the Oderbrueker cheeks, no stripe-infected plants appeared in 
any of dhe P., lines or m either of the parents. This lack of segregation 
would indicate that there were some factors for resistance common to both 
Persieum and Brachytie. 


rermxm x Lion 28 


o Lion >( 1 ersieum gave very low infection on moeulation 

with an average of 2.5 per cent in 8 tests involving 198 plants. Pa linef 
have also been tested and their distribution is shown in figure 6 D. The 
average infection for the P., lines was very low, but stripe-infeeted plants 
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appeared in some lines. In none of the lines did the amount of infection 
exceed that which occurred in the Lion 28 checks. Because segregation 
occurred in the Fs lines of this cross it may be concluded that there was 
either a quantitative or a qualitative difference in the factor or factors 
conditioning resistance in the 2 varieties. 

Lion ^8 X BracJiytic 

The distribution of the Fa lines is shown in figure 6, D. This cross 
was very similar in its behavior to the Persicum x Lion 28 cross and the 
conclusions drawn were the same. 

association op characters 

In addition to the studies of the stripe reactions of the progenies of the 
various crosses, observations were made concerning the inheritance of cer- 
tain morphological eharactei\s. Classifications were based upon Fg plants 
and verified in the Fg lines, except in the backcrosses, where only the back- 
cross plants were classified. Although the populations were relatively 
small, attempts were made to verify previous reports as to the mode of 
inheritance of the genes and their relationships to each other. A summary 
of linkage studies and a list of references on mode of inheritance has been 
given by Kobertson, Wiebe, and Immer (10), and therefore most of the 
references will not be cited here. Tests for goodness of fit and indepen- 
dence were made by means of Chi-square. These tests are not reported in 
detail, but a P value of 0.95 to 0.05 was regarded as indicating satisfactory 
agreement. The principal object was to determine the relations of these 
genes to stripe reaction. 

Lionx Oderlrucker 

Lion 36 has a black lemma and pericarp, smooth awns, long-haired 
rachillas, practically no hairs on the glumes, and glume- awns 7 to 10 mm. 
long. In contrast Oderbrucker has a white lemma and pericarp, rough 
awns, short-haired rachillas, glumes with abundant hairs, and glume awns 
16 to 25 mm. long. 

Long-haired vs. short-haired rachilla and black vs. white lemma and 
pericarp have been reported to be conditioned by single independent 
factor pairs. The general classification of rough vs. smooth awns has 
been found previously to be conditioned by a single factor pair, with at 
least 1 other pair modifying the degree of smoothness. Neatby (7) has 
determined that in certain varieties glume length acts as a dihybrid in its 
inheritance. Hor (3) reported that the factor affecting rachilla hair 
length also affected the nature of pubescence of the glume in a similar 
way, while the extent of coverage of the glumes by hairs was governed 
by another factor pair. Daane (2) found the factors governing rough vs. 
smooth awns and long- vs. short-haired rachillas to be linked. 

In the cross Lion 36 x Oderbrucker the inheritance of rachilla hair 
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leiigtli, glume awn length, lemma color, and rough vs. smooth awns were 
found to be governed by a single factor pair in each case. Glume pubes- 
cence was an unsatisfactory character to classify because all gradations 
from no hairs through various widths of bands of hairs to complete cover- 
age occurred. At least 3 factor pairs were apparently involved in the 
inheritance of glume pubescence in this cross. The factors for rough a^vus 
and short-haired raehillas appeared to be linked, with a percentage recom- 
bination of 26 ± 2.9 when computed according to the method of Immer 
and Henderson (4) . Hairy glumes appeared to be linked wtih both long 
glume awns and rough awns. Factors for other characters studied seemed 
to segregate independently of each other. By observation (Table 3) the 
stripe classes showed no definite association with any of these 5 characters, 
and independence was indicated by Chi-s(piare tests in all instances. 

Lemma color, rachilla hair length, and stripe reaction were studied in 
the baekeross Oderbrucker x Fi (Lion 28 x Oderbrueker) and its reciprocal. 
The reciprocals were considered separately, but there was no evidence of 
disagreement between them. It was found that the lemma color and 
rachilla hair length were each monogenic, and independent of each other 
and of the stripe classes. The average stripe reactions for the several 
genotypes are in table 3. 

Glume awn length, rough vs, smooth awns, glume pubescence, and 
stripe reaction were studied in the backeross Lion 28 x Pi (Lion 28 x Oder- 
brucker) and its reciprocal. Glume awn length and rough vs. smooth 
awns were monogenic and independent in their inheritance. Glume pubes- 
cence here appeared to be governed by 2 factors and hairy glumes were 
associated m some way with both long glume awns and rough awns. All 3 
morphological characters w-ere independent of stripe reaction. The inde- 
pendence of the characters and stripe reaction was also indicated by the 
infection averages for the various genotypes in table 3. 


Persicuni x Oderhnwker 

Ptirsicuni has a black lemma and pericarp, smooth awns, long-haired 
raehillas, short glume awns, and infertile lateral florets (2-rowed type). 
Oderbrueker has fertile lateral florets, as well as the characters described 
under the previous cross. Segregation for lemma color, rough vs. smooth 
awns,^ rachilla lian- length, and glume awn length agreed satisfactorily 
with the assumptions of monogenic inheritance. Varieties with infertile 
lateral florets have been reported by a number of workers to differ in their 
genotype from those with fertile lateral florets by a single dominant factor 
pa r. In the present Study, the segregation for row number did not fit a 
ratio because of an excess of non-2-rowed segregates. P^ plants 
were taken at rmdom to make up the P., lines, the only restriction being 
that there be sufficient kernels on each for the P, tests. This would tend 

eon!er class at the expense of the 2-rowed and heterozy- 

g classes because these latter produce relatively few kernels per plant. 
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When the remainder of the population from which the lines were taken was 
classified and the results combined with those for the F3 lines tested for 

TABLE 3. — Nmiiher of lines and average infection for various genotypes and several 
crosses 


Cross 

Homozygous dominant 

Heterozygous 

Homozygous 

recessive 

Geno- 

typea 

Lines 

Ave. 

stripe 

infee. 

Geno- 

typea 

Lines 

Ave. 

stripe 

infec. 

Lilies 

typea 

Ave. 

stripe 

infee. 



No, 

Pet, 


No, 

Pet, 


No. 

Pet, 

Lion 36 X 

SS 

45 

33 

Ss 

85 

31 

ss 

32 

31 

Oderbrucker 

E 2 E 2 

31 

30 

E.e. 

89 

33 

eaGi} 

42 

29 


BB 

36 

37 

Bb 

83 

32 

bb 

43 

26 


BR 

38 

32 

Rr 

82 

32 

rr 

42 

30 


PdgPdg 

101 

32 

Pdgpdg 

57 

29 


4 

28 

Oderbruckerx 




BB 

82 

52 

bb 

82 

55 

El (Lion 28 x 




Ss 

82 

54 

ss 

82 

53 

Oderbrucker) 










Lion 28xPi 




Rr 

42 

20 

rr 

59 

20 

(Lion 28 x 





52 

23 


49 

17 

Oderbrucker) 










Persieum x 

vv 

36 

12 

Vv 

74 

12 

vv 

57 

19 

Oderbrucker 

SS 

30 

9 

Ss 

95 

16 

ss 

42 

16 


BB 

41 

14 

Bb 

83 

15 

bb 

43 

15 


RR 

41 

18 

Rr 

84 

12 

rr 

42 

15 


E 2 E 2 

48 

15 

E,e 2 

76 

15 

eoCa 

43 

13 

Oderbrucker x 




Vv 

68 

34 

vv 

50 

29 

El (Persieum X 




Bb 

57 

38 

bb 

61 

28 

Oderbrucker) 




Ss 

72 

30 

ss 

46 

37 

Persieum x Ei 




Rr 

53 

3 

IT 

49 

1 

(Persieum X 

vv 

48 

2 . 

Vv 

54 

2 




Oderbrucker) 




EoBo 

53 

2 

eoBa 

49 

2 

Braehytic x 

BrBr 

56 

9 

Brbr 

108 

8 

brbr 

30 

11 

Oderbrucker 

SS 

53 

8 

Ss 

97 

10 

ss 

44 

7 


NN 

54 

10 

Hn 

102 

9 

mi 

38 

7 

Colsess IV X 

BrBr 

49 

16 

Brbr 

83 

13 

brbr 

21 

17 

Braehytic 

SS 

39 

17 

Ss 

77 

13 

ss 

37 

14 


NN 

48 

14 

Nn 

77 

14 

nn 

28 

15 


KK 

39 

15 

Kk 

78 

14 

kk 

36 

13 

Persieum x 

BB 

16 

8 

Bb 

64 

16 

bb 

44 

24 

Iris 

RR 

54 

19 

Rr 

53 

13 

IT 

17 

25 


NN 

41 

12 

Nil 

55 

19 

nn 

28 

21 


VV 

26 

7 

Vv 

54 

19 

vv 

44 

21 


EoEo 

42 

16 

EaBa 

52 

17 

6362 

30 

20 


a S — racMlla hairs long, s — ^i*aeliilla hairs short. 

Eg — Glume awns long, 62 — glume awns short. 

B — black lemma and pericarp, b — white lemma and pericarp. 

B — rough awns, r — smooth awns. 

Pdg — glumes hairy, pdg — glumes glabrous, 

V — ^non-six-rowed, V — six-rowed. 

Br — ^plants normal, br — ^plants braehytie, 

N — caryopses hulled, n--—caroypses naked. 

K — ^liooded, k — awiied. 

stripe reaction, the segregation then fit a 1:2:1 ratio satisfactorily for 
2 -rowed : heterozygous : non-2-rowed. 
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Tests indicated that rough vs. smooth awns and rachilla hair length 
were associated, with a percentage recombination of 28 zh 3.3. The inde- 
pendence of lemma color and glume awn length, and row number and 
glume awn length was questionable. The factors that governed the other 
characters in Persienin x Oderbrncker were independent. Also there did 
not appear to be any definite association between the stripe classes and any 
one of the 5 morphological characters, either according to the Chi-sqnare 
tests or by observation (Table 3). 

For the backcross Oderbrncker x Fi (Persicnm x Oderbrncker) and its 
reciprocal, there was some lack of agreement between reciprocals, due per- 
haps to the small number of lines. The segregation for lemma color indi- 
cated monogenic inheritance. For rachilla hair length and row number 
the segregations of reciprocals did not quite agree, but single factors were 
suggested. Row number and lemma color were independent of each other. 
With Oderbrncker as the female, row number and lemma color both appeared 
to be independent of rachilla hair length, but when the Fi was the female 
they did not. According to Chi-sqnare tests each of these 3 characters was 
independent of the stripe-reaction classes. The averages for the various 
genotypes substantiate this evidence (Table 3). 

For the backcross Persicnm x Fi (Persicnm x Oderbrncker) and its 
reciprocal, rough vs. smooth awns, long- vs. short-glnme awns, and 2-rowed 
vs. non-2-rowed were indicated as monogenic, and independent of each 
other and of the stripe classes. The data in table 3 also suggest this inde- 
pendence. 

In table 3 there are some trends of average infection that may repre- 
sent associations, e.g,^ in Persicnm x Oderbrncker and in Fi (Persicnm x 
Oderbrncker) x Oderbrncker vv wa>s higher in infection than W or Vv, 
but these trends do not seem to be consistent enough to be considered sig- 
nificant. In Oderbrncker x Fi (Persicnm x Oderbrncker) and its recipro- 
cal the heterozygous black lines had higher infection than the homozygous 
white lines, but this is the opposite of what would be expected if an asso- 
ciation were involved, 

Bracliytiex Oderhrucker 

In Braehytic the caryopses are naked when threshed, rachilla hairs are 
long, and the plants have much shortened internodes. In Oderbrncker the 
lemma and palea adhere tightly to the caryopses, rachilla hairs are short, 
and the plants are normal in height. 

The braehytic character has been found by Powers (8) and Swenson 
(15) to be conditioned by a single factor pair. Hulled vs. naked has been 
reported as a monogenic character by several workers. In the cross 
Braehytic X Oderbrncker the segregation for braehytic did not fit the 
expected 1 : 2 i 1 ratio satisfactorily because of a deficiency in the braehytic 
class. Since braehytic plants in general produced fewer kexmels than did 
normal plants there was probably selection against the braehytic character 
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in piclving lines witli sufficient seed for the F 3 tests. However, there were 
enough brachytic lines included in the tests to show any association with 
stripe resistance if it were definitely present. Rachilla hair length and 
hull adherence each appeared to be monogenic in their inheritance. Nor- 
mal vs. brachytic, long- vs. short-haired rachillas, and hnlled vs. naked 
were independent of each other and of stripe-reaction classes. The inde- 
pendence of genotype and stripe classes is indicated by the averages 
in table 3. 

Colsess IV X Brachytic 

In Colsess the hulls are adherent, there are hoods instead of awns, 
rachilla hairs are short, and the plants are normal in height. Hooded vs. 
awned has been reported as being conditioned by 1 factor pair, 

TABLE 4:,— Distribution of Imes of Colsess IF x Briiohytic for reaction to stripe 
and covered smivtA Lines placed according to average of 4 tests for each disease 


Covered smut 






Stripe 



Total 

Lilies in percentage 

Lines in percentage infection elassesi^ 


infection classes^^ q 

5 

15 

25 

35 

45 

55 

65 

75 



No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

No. 

0 

9 

15 

12 

2 

1 

0 

0 

1 

1 

41 

5 

18 

17 

12 

2 

0 

1 

1 

4 

1 

56 

15 

4 

5 

11 

4 

0 

2 

2 

0 

2 

30 

25 

1 

4 

3 

1 

0 

1 

0 

0 

0 

10 

35 

1 

1 

1 

0 

1 

1 

0 

0 

0 

5 

45 

2 

1 

1 

0 

0 

0 

0 

0 

0 

4 

55 

0 

1 

1 

0 

0 

0 

0 

0 

0 

2 

65 

0 

0 

G 

0 

0 

0 

0 

0 

0 

0 

75 

1 

1 

1 

0 

0 

0 

0 

0 

0 

3 

85 

1 

1 

0 

0 

0 

0 

0 

0 

0 

2 

Total 

37 

46 

42 

9 

2 

5 

3 

5 

4 

153 


a Covered smut reactions supplied by E. Gr, Sliands. 

^ Each line was tested 4 times for eaelx disease, and placed on the basis of the aver- 
age of the 4 tests. 

For the cross Colsess IV x Brachytic segregations for hooded vs. awned 
and long- vs. short-haired rachillas each fit the single factor assumptions, 
while hnlled vs. naked and normal vs. brachytic did not. The factors 
governing the inheritance of these 4 characters were independent of each 
other and of the stripe classes. The independence of these characters and 
stripe reaction is also indicated by the averages in table 3. 

The lines of this cross had been previously tested for reaction to cov- 
ered smut {Vstilago hordei (Pers.) K. & S.) by B. G. Shands. The distri- 
bution for reaction to stripe and smut appears in table 4. For the diseases 
individually the distributions were very similar. There were no lines 
highly susceptible to both diseases. There w^as no correlation between the 
reactions to the 2 diseases. 
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Ins Jias a white lemma and pericarp, rough awus, naked earyopses 
long’ glume awns, and is 6 -rowecL Persicum carried the alleles for the 
factors governing the inheritance of each of these characters. 

Hulled vs. naked and long vs. sliort awns each gave satisfactory aovee 
lueiit with 1 : 2:3 segregation expected on the basis of single factor dffier 
enees. .Segregations for black vs. white, rough vs. .smooth awns and 
2 -rowed vs. non- 2 -rowed did not fit those expected for monogenic inheri 
tanee^ These 5 characters were independent of each other, except hulled 
and 2-rowed. They were all independent of stripe-reaction classes. The 
averap stripe infections for the various genotypes are in table 3 . These 
semi to suggest some association between stripe resistance and black lemma 
color, and between stripe resistance and 2-rowed, even though the Chi 

.square tests did not detect them. i me oni- 

discussion 

inheritance of stripe reaction have shown that there 
wtie genetic difterences between varieties which appeared to be similar 
in then rmction to the disease. In varietal tests Oderbrucker has ap- 
leaied to be as susceptible as Colsess and Iris, but in crosses with resistant 
varieties the msceptibility of Oderbrucker was recovered with less fre- 
quency than that of Colsess or Iris. The distributions of F 3 lines in order 
of mcreapng average mfeetion were rather distinctly different for Persi- 

vX a definit™r^V”*^ Hersicum x Iris as shown in figure 3, in that there 
va.s a definite brpk m direction in tlie Peivsieum x Iris distribution at the 

- the PersicninxOderbruekm 
iw 1 . f ^ resrstant parent was the same in both crosses there 

must have been a genetic difference between Oderbrucker and Iris Per 
.sienni and Bpchpic have been shown to have some factors in comLn fox' 

BrTehTttandVerli^"''' of the similarity of the distributions of Colsess x 
rphytic and Peisiciimxlris it might be eoiielnded that Colsess and Iris 
have some factors for susceptibility in common. 

Attempts to find associations between stripe reaction and certain mor 
pholopml characters have not been successful. Marker genes in at least 
tao.Imkage groups we iuroW i„ “ "Jf" 

(T.b“ 5 ? to stripe reaction 

1 ). However, since the resistances were genetically different and 

apparen ly the snseeptibilitios also, ind.peu<ie..oe in 000 ?^, - 

Jiistii, the coiiduaion of mdependem* in another cross where that parlicu 

lu ~ 

in this r"espMt ■ ’ stripe reaction, would be helpful 

itage groups than those muestigaled in any particular cross. Since a 
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number of factors seemed to be involved it might be more logical to con- 
clude that they were located on several chromosomes, and that they all had 
approximately equal effects in conditioning resistance. It is also possible 
that the genes affecting stripe reaction were so far removed from the 
marker genes on the chromosome that the linkage did not become evident 
with the methods employed. 


TABLE 5. — Summary of genes and Unlcage groups studied m vaHous crosses with 
reference to their stripe reaction 


Linkage 

group 

Lion X 
Oder- 
bnicker 

Persicum 

X Oder- 
brucker 

Braehytic 

X Oder- 
brucker 

Colsess 

IVx 

Blaebytic 

Persicum 

X Iris 

I 


Vv 



Vv 

II 

Bb 

Bb 



Bb 

III 



Nil 

Nn 

Nn 

IV 




Ek 


V 

Er Ss 

Er Ss 



Er 

VI 






VII 



Br br 

Brbr 



» A key to the symbols will be found in the footnote of table 3. 


summary 

l\vo types of resistance and hvo types of susceptibility to the stripe 
disease were apparent in the varieties considered. The differences in type 
■were evident from the varietal reactions and from the effects of the differ- 
ences on the progenies of crosses. Persicum and Braehytic remained 
highly resistant to the culture of the fungus used. The modes of inheri- 
tance indicated that these two varieties had some factors for resistance in 
common. In crosses with Oderbrucker, resistance appeared to be domi- 
nant and three factors were probably involved. The resistance of Lion 
w^as not complete, and was apparently inherited in a manner different from 
that of Persicum. Dominance was not definite and a number of factors 
seemed to be involved. The susceptibility of Oderbrucker was probably 
different from that of Colsess and Iris, as in the crosses Persicum x Iris and 
Colsess X Braehytic a difference of one major and one modifying factor 
pair was involved in each case. 

Marker genes in six of the seven linkage groups present in barley were 
tested for their i*elationship to stripe reaction, but no associations -were 
found. 

Wisconsin Agricultural Experiment Station, 

Madison, Wisconsin. 
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STUDIES ON CRANBERRY FALSE BLOSSOM 

L. 0. Kunkel 
(A ccepted for j)iiWication May 15, 1945) 

INTRODUCTION 

During the Christmas Meetings of the American Association for the 
Advancement of Science at Philadelphia, in 1940, the writer exhibited peri- 
winkle {Yinoa rosew L.) plants that had been cured of aster yellows (Ohio- 
rogenus callisiie 2 ^hi yav, vulgaris Holmes) by heat treatments (14)* Dr. 
Neil E. Stevens visited the exhibit and suggested that similar treatments 
should be tried on cranberry plants (Vaccinnmi viacrocar'pon Ait.) affected 
by false blossom {Ghlorogenus vacoimi Holmes). Later he kindly offered 
to supply diseased cranberries, for this purpose. His offer was accepted 
and on June 11, 1941, about sixty false-blossom plants were delivered to 
The Rockefeller Institute for Medical Research at Princeton, New Jersey, 
by Dr. Stevens’ son, Mr. Russell B. Stevens. My indebtedness to both is 
gratefully acknowledged. 

Preliminary experiments directed toward a determination of ability of 
false-blossom plants to endure heat were undertaken immediately. How- 
ever, cranberries were not well suited for heat-treatment tests. Most of 
the plants that survived the treatments did not resume growth for several 
months. A few that started growing soon after treatment produced new 
foliage slowly and did not blossom. Since foliage symptoms of this disease 
are not very distinctive it was impossible to say whether any of the treated 
plants had been cured. It was realized that considerable time and a rather 
large number of plants would be required to make an adequate study of 
any effects that heat might have on false blossom in cranberry. It was 
believed that a preliminary study of thermal relationships of the virus in 
a host that might prove more suitable than cranberry would be advisable. 
Therefore an attempt was made to transmit the virus to herbaceous plants. 

At the time the work was under contemplation the only known vector 
of false blossom was the cranberry leafhopper Eitscelis striahilus {¥sdlen) 
(5). As this insect was not readily available and as nothing was known 
regarding its ability to feed on periwinkle or other herbaceous plants, it 
was decided to try transmission by dodder, Cuscuta campestris Yuncker 
(1, 10, 11), which had been shown to transmit several other viruses. It 
was soon found that dodder -would transmit false blossom to periwinkle. 
This permitted investigation of effects of heat on the disease in a plant that 
was more suitable for experimental purposes than cranbex^ry. It also made 
available a means of studying other phases of the false blossom problem. 
Some of the work ali^eady has been reported briefly (15, 16, 17, 19). It wall 
be presented in detail in this paper. 
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MATERIALS AND AIETHODS 

The source of the virus used in all experiments was the diseased cran- 
berry plants received from Dr. Stevens. All healthy cranberry plants 
needed in the work were grown from seeds obtained from fruits purchased 
in grocery stores in Princeton, New Jersey. Periwinkle plants were grown 
from cuttings taken from plants belonging to a clone. The dodder used was 
from seeds obtained from a virus-free plant of Cusctita campestris growing 
on a healthy sugar-beet plant. Other species were obtained from seed 
purchased from commercial seed companies. 

All plants were grown in porous clay pots set on benches in greenhouses. 
The houses were fumigated at weekly intei’vals to control insects. Cran- 
berries were grown in a mixture of equal parts of sand and peat, other- 
plants in rich garden earth. Heat treatments were given in a room that 
was desexibecl jirevioiisly (13). 

Virus-free dodder was kept growing on healthy tomato or sugar beet 
plants at all times. 'When it was needed for experiments, branches from 
four to six inches long were broken off and placed on plants to be para- 
sitized. Usually only one dodder branch was used in making a transfer. 
The tip of a dodder branch was placed in the tip of the new host. The 
dodder usually entwined a stem or leaf petiole within 24 hours, but 
occasionally it failed to take hold and fell out of the new plant. When 

this happened it always was put back on the plant from which it had 
fallen. 


TRANSMISSION OP FALSE BLOSSOM BY DODDER 
Transmission from cranherry to tomato and periwinkle. — ^In experi- 
ments during the autumn of 1940 and during 1941 false-blossom virus was 
transmitted from cranberries to several hundred tomato and periwinkle 
p ants. There was at the time some uncertainty as to whether the virus 
eing transmitted was that of false blossom; the possibility that another 
virus might be present in diseased plants had to be considered. Some evi- 
dence against that view was obtained from experiments showing that the 
virus taken to tomato and periwinkle could invariably be gotten from 
false-blossom plants. All question as to identity was resolved when the 
virus was taken from tomato and periwinkle to healthy cranberries and 
siown to produce typical false-blossom symptoms. A few transmission 
experiments Will be described in detail. 

Virus-free dodder was transferred from a healthy tomato plant to 8 
false-blossom cranberry plants and to 8 healthy cranberry plants. It was 

LsTL cranberry plants for six weeks. A small branch 

s then transferred from each cranberry plant to a healthy tomato plant. 
The dodder was allowed to parasitize the tomato plants for six weeks when 

Jhpr 5 1 t'^l-se-blossom plants came down with false blossom. The 

other 3 plants and the 8 plants exposed to dodder from healthy cranberry 
plants remained healthy in appearance for the 9 months that they were 
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under observation. The experiment showed that dodder transmitted virus 
from false-blossoin cranberry plants to tomatoes. 

Several branches of dodder from false-blossom cranberry plants were 
placed on each of 6 healthy young plants of Yinoa rosea. Similar branches 
from healthy plants Avere placed on 6 other plants of Yinca rosea that were 
to serve as controls. Two weeks later all of the dodder was removed and 
destroyed. Sixteen days thereafter clearing of veins appeared in leaves 
near the tips of two branches on one plant of Vinca rosea that had been 
parasitized by dodder from the false-blossom plants. Soon other false- 
blossom symptoms appeared in these and other branches of the plant. 
During the next 2 weeks 4 of the 5 other plants of Yinca 7wsea that had 
been exposed to false-blossom dodder came down with false blossom. The 
other plant did not show symptoms of disease until 87 days after it had 
been exposed to viruliferous dodder. The 6 control plants remained 
healthy. The experiment showed that virus could be transmitted &om 
false-blossom cranberry plants to Yinca rosea by dodder. 

In another experiment Aurus-free dodder was transferred to 30 false- 
blossom cranberx'y plants and to 30 healthy cranberry plants. It was 
allowed to parasitize the plants for three months. Then small bi^anches 
Avere transferred from the 60 cranberry plants to 60 sets of healthy plants 
consisting of one tomato and one periwinkle each. In most instances the 
branches quickly established unions with the new hosts and grew rapidly. 
In all cases in which this did not occur more branches from the same sources 
subsequently were placed on the plants. After the dodder had parasitized 
the tomato and periwinkle plants for about one month it was removed and 
destroyed. Of the 30 tomato and 30 periwinkle plants exposed to dodder 
from healthy cranberry plants all remained healthy up to the time the 
experiment was ended. Of the 30 tomato plants exposed to dodder from 
false-blossom cranberry plants all but 6 Avere diseased, and of the 30 peri- 
AAunkles exposed to dodder from false-blossom cranberry plants all but 9 
were diseased within 32 days after the dodder was remoA^ed. The 6 healthy- 
appearing tomatoes and the 9 healthy-appearing periwinkles were then cut 
back, as pollarding had been found to hasten the appearance of symptoms. 
Within 7 Aveeks after this was done all of the plants were diseased. The 
experiment shoAved that virus could be transmitted readily from false- 
blossom cranberry plants to tomatoes and periwinkles. 

Transmission fivm tomato to tomato. — ^Virus-free dodder was placed 
on a healthy and a false-blossom tomato plant. After the dodder had 
parasitized the plants for 3 weeks small branches from the diseased tomato 
Avere transferred to each of 13 healthy young tomato plants. Branches of 
dodder from the healthy tomato were transferred to each of 3 other healthy 
young tomato plants. The dodder Avas left on the plants for about 2 
months, when it was removed and destroyed. In due course all of the 13 
plants exposed to dodder from the diseased tomato became diseased. The 
control plants exposed to dodder from the healthy tomato remained healthy. 
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Tlie experiment showed that false-blossoin virus coidd be transferred read- 
ily from tomato to tomato by dodder. 

TraMmiission from tomato and periwinlde to cranberry. — ^Virus-free 
dodder was placed on a healthy and on a false-blossoin tomato plant. 
When it had parasitized the plants for about 6 weeks small branehes from 
the diseased tomato were placed on each of 8 healthy cranberry plants. 
Branches from the healthy tomato were placed on each of 8 other healthy 
cranberry plants. After the dodder had parasitized the cranberry plants 
for 33 days it was removed and destroyed. Forty days later the cranberry 
plants were examined and no symptoms of disease were found. It was 
realized that symptoms might be slow to appear in the cranberry. Hence 
it was decided to determine whether or not virus could be obtained from 
any of the plants. 

Virus-free dodder was placed on each of the 16 cranberry plants. After 
it had parasitized the plants for 6 days small branches were transferred 
to 16 healthy young tomato plants. After the dodder had grown on the 
tomato plants for 14 days it was removed and destroyed. Twenty-six days 
later early symptoms of false blossom appeared in one of the tomato x)lants 
that had been exposed to dodder from a cranberry that had been para- 
sitized by false-blossoin dodder. Eventually 6 of the 8 tomato plants thus 
exposed became diseased. The other 2 tomato plants and the 8 tomato 
plants exposed to dodder from the control cranberry plants remained 
healthy. The test showed that virus could be obtained from 6 of the 8 
cranberry plants that had been parasitized by dodder from diseased tomato 
plants. About 6 months after this test was made the 6 cranberry plants 
from which virus was obtained had well-marked symptoms of false blossom. 
During the following year 4 of the 6 diseased cranberry plants produced 
flow^ers with typical false-hlossom symptoms; the other 2 diseased cranberry 
plants did not flow^er. The experiment proved that false-blossoin virus 
can be transmitted from tomato to cranberry by dodder. 

Virus-free dodder was placed on 5 false-blossom and on 5 healthy peri- 
winkle plants. When the dodder had parasitized the periwinkle plants 
for 3 months it was transferred to 10 healthy cranberry plants. After 
growing on these plants for 3 months it was removed and destroyed. Dur- 
ing the following year all of the 5 cranberry plants on which dodder from 
diseased periwinkles had been placed had well-marked foliage symptoms 
of false blossom ; one of the plants prodnced flowers and fruits with typical 
symptoms of false blossom. The 5 cranberry plants on which dodder from 
healthy periwinkles was placed remained healthy. The experiment showed 
that false-blossom virus can he transmitted from periwinkles to cranberries 
by dodder. 

Trammismn to other species.~As the work on false blossom was under- 
taken for the purpose of investigating any beneficial effects that heat might 
have on diseased plants, no special effort was made to transmit the virus 
widely. Ho'wever, attempts w^ere made to take it to such species as w^ere 


1945] 


Kunkel : Cranberry False Blossom 


809 


available at the time it was being transmitted to Yinca rosea. The plants 
that took the disease when exposed to virus-bearing dodder are listed: 
Dianthus s%).y var. Crown of Perfection in the Caryophyllaceae 


Eschscholzia calif or nica Cham. 

Fastinaca sativa L., Parsnip 
Apium graveolens L., Celery, var. Silver 
self blanching 

Fetroselmum hortense PIofEm., Parsley 
Dauctis carota L., Cultivated carrot 
Vaccmmm macrocarpon Ait., Cranberry 
Tinea rosea L., Periwinkle 
Phlox I>nimmond%i Hook. 

Fetunia hyhrida Hort. 

Nieremhergia frntescens Dur. 

Sekizanthus sp. 

Salpiglossis sp. 

Lycopersicon esculenium Tomato 
Niootiana tahacim h., Turkish tobacco 
Nicotiana glutinosa L. 

Nicotiana langsdorffii Schrank 
Nicotiana rustica L. 

Solatium tuberosum L., Potato 
Veronica pereg^nna L. 

Scabiosa atropurpurea L. 

Bimorphotkeca a/urantiacum DC, African 
daisy 

Brachycome iberidifoliu Benth., Swan 
Eiver daisy 

Ce7itaurea impe^Halis Hort, 

Gaillardia aristata Pursh 
Tagetes erecta L., African marigold 
Calendula officinalis L. 

Tragopogon porrifolkis L., Salsify, var. 
Sandwich Island 


Papaveraceae 

TJmbelliferae 


do 

do 

do 

Ericaceae 

Apocynaceae 

Polemoniaceae 

Solanaceae 

do 

do 

do 

do 

do 

do 

do 

do 

do 

Serophulariaceae 

Dipsaceae 


Conipositae 


do 

do 

do 

do 

do 


do 


Some plants that did not take the disease when exposed to virus-bear- 
ing dodder are the following : 

Begonia sp. in the Begoniaceae 

F^ninus persica Stokes, Peach Kosaceae 

Medicago sativa L.j AlfsdlEi ’ Leguminosae 

Callistephus clvineiisis Nees, China aster Compositae 


The disease was taken to 28 species belonging in 10 different families 
of plants. The families represented are not closely related. The lowest 
plant in our scheme of classification is in the pink family and the highest 
in the Compositae. The species that failed to become diseased were exposed 
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to virusiJ’-bearing dodder for at least 3 months and several alfalfa plants were 
exposed for more than a year. In each case virus-bearing dodder was 
replaced by virus-free dodder that was allowed to parasitize the plants for 
3 months. At the end of this period the dodder was shown to have remained 
virus-free. It is presumed that alfalfa and the other 3 plants that did not 
take the disease are immune. 

TRANSMISSION OP FALSE BLOSSOM BY GRAPTING 

Cranberry vines are too thin to be grafted readily; it probably is be- 
cause of this that experimental transmission of false blossom by grafting 
has not been reported previously. Bergman and Trnran (2) observed an 
apparent ease of cranberry f alse-blossom virus transmission through a 
natural graft. The writer attempted to transmit the virus in cranberry 
by grafting diseased scions onto healthy plants, but did not succeed, un- 
doubtedly because the scions did not live long enough to form unions with 
the stocks. During the past three years false blossom has been passed in 
seines in Tinea rosea and in a number of different solanaceous plants by 
grafting, the whip graft being emiiloyed. The plants from which and to 
which the virus was taken by grafting are the following: from Vinca rosea 
to Vmca rosea; from tomato to tomato, Turkish tobacco, and Nicotiana 
rustica; from Turkish tobacco, potato, and Nicotiana ghitinosa to tomato; 
from Nicotiana rustica to Nicotiana rustica and Nicotiana glutmosa; from 
potato to potato; and, from Nicotiana glutmosa to Nicotiana glutinosa. 
The minimum period recorded for first appearance of false-blossom symp- 
toms after grafting a plant was 23 days in an experiment in which diseased 
tomato scions were grafted to healthy tomato plants. The usual incubation 
period in graft transmissions was about 40 days. 

MULTIPLICATION OP VIRUS IN DODDER 

Infective dodder retained the virus and remained infective for several 
months even on plants that were immune from the disease. Viruliferous 
dodder that was allowed to grow on aster, Begonia, and alfalfa for 3 months 
or longer retained its ability to infect tomato and carrot, although the 
aster, Begonia, and alfalfa plants remained healthy in appearance, and 
virus-free dodder allowed to parasitize them did not become infected. 
This showed that the plants were not symptomless carriers and suggested 
that the virus'might multiply in the dodder. By using small branches in 
making successive transfers of infective dodder on alfalfa plants Costa (3) 
showed that infeetivity w^as retained beyond a point where it should have 
been lost through dilution by growth if there had been no inultiplication. 
B^rom this evidence he concluded that the virus multiplies in dodder. Sim- 
ilar experiments carried out by the writer confirmed this view. In the 
most thoroughgoing test that was made dodder was passed successively to 
5 healthy tomato and 5 healthy alfalfa plants during a period of about 2 
years. In each instanea a branch of dodder approximately four inches long 
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was used in making a transfer. The test was started on October 27, 1942, 
when a branch of dodder produced on a false-blossom cranberry plant was 
placed on tomato plant number 1. After the parasite had made good 
growth on tomato number 1 a branch was used to transfer it to tomato 
number 2 on November 17, 1942; similarly, a branch was transferred from 
tomato number 2 to tomato number 3 on December 8, from tomato number 
3 to tomato number 4 on December 29, and from tomato number 4 to tomato 
number 5 on January 16, 1943. Successive transfers were at intervals of 
about 3 weeks. It was believed that the dodder would not be able to obtain 
virus from the tomato plants within so short a period after their exposure 
to infection and that if the parasite remained infected it would mean either 
that the virus multiplied in it or had not been sufficiently diluted by growth 
to prevent transmission. During the time the dodder was being trans- 
ferred from tomato to tomato evidence that alfalfa was immune to infection 
by false blossom became available. Hence alfalfa was substituted for 
tomato when the 6th successive transfer was made on February 6, 1943. Al- 
falfa plants also were used when the 7th, 8th, 9th, and 10th successive trans- 
fers were made on April 6 and May 10, 1943, and on April 15 and July 13, 

1944, respectively. The periods between transfers to alfalfa plants were 
about 2, 1, 11, and 3 months, respeetively. Each time a transfer was 
made to a new tomato or alfalfa plant transfers also were made to healthy 
carrot plants in order to determine whether the dodder had remained in- 
fective. It was shown to be infective at the time of each transfer. In 
the final test dodder from alfalfa plant number 5, on which it had been 
growing for almost 3 months, was transferred to 10 carrot plants on Novem- 
ber 10, 1944. On January 26, 1945, all of the 10 carrots had well-marked 
symptoms of false blossom. The virus was retained over the entire period 
and there was no indication that any decrease in the inf ectivity of the 
dodder occurred. 

It was estimated that on tomato the dodder increased in size, at least, 
tenfold between each transfer. Thus after parasitizing the 5th tomato plant 
the virus should have been diluted by growth to 10"®, at least, in ease j 

there had been no multiplication in the dodder. The dodder increased more 
than tenfold on each of the 5 alfalfa plants. Its tendency to overgrow 
the plants was held in check by frequent and rather severe prunings. If 
the dodder increased only tenfold per month during the 20 months it w^as 
grown on the alfalfa plants the vims should have been diluted to 10”“'^ of ‘ f 

the concentration obtaining in the branch taken from the 5th tomato plant. 

Since the virus in that branch already had been diluted to 10"® of the con- 
centration in the branch from the diseased eranbemy, the virus in the 
branches used in the final test should have contained not more than 10”^® i 

of the concentration in the original branch if there had been no multiplica- 
tion. It seemed unlikely that virus at such a high dilution would give 
infection even through a dodder union. Hence it was concluded that false- 
blossom virus multiplied in the dodder. This conclusion was reached with j 
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some reliictaiiee because there was no evidence that on healthy plants in- 
fective dodder grew less vigorously than virus-free dodder. Moreover, 
viruliferous dodder bore normal flowers and viable seeds, and showed no 
symptoms of disease at any time. 

SYMPTOMS 

The symptoms of false blossom in cranberry are well known. Some 
of those observed in tomato, periwinkle, Calendula, and Nicotiana ghctmosa 
have been described and illustrated elsewhere (16, 17). Hence it seems 
unnecessary to describe the symptoms produced in the other species to 
which it was taken. In many plants, including tomato, the virus produced 
characteristic symptoms in the reproductive organs. It caused virescence, 
distortion, and gigantism in some or all of the flowering parts. The virus 
of aster yellows in the China aster and the viruses of several other diseases 
in tlie yellows group sometimes cause enlargement of flowers of host plants, 
but no other virus with which the writer is acquainted produces flower 
symptoms comparable with those of false blossom. Enlargement and fusion 
of sepals in flowers borne by false-blossom tomato j)lants produced the struc- 
tures characteristic of the disease known as big bud. This, of course, does 
not prove that false blossom and big bud are closely related. Flower symp- 
toms were not observed in celery, parsley, parsnip, and salsify because the 
plants used were not old enough to bear flowers at the time they became 
diseased. Flower symptoms were observed in all other plants to which 
the virus was transmitted. In some species it caused much less stimulation 
of flowering and fruiting organs than in others; for example, infected 
in Nicotiana ' were not greatly enlai’ged (Fig. 1). The 
flowering branch shown in the upper roAV at the left is healthy ; all others 
are diseased and show different degrees of distortion. All species bore 
flowers that were smaller than normal after they had been diseased for 
some time. It should be clearly understood that big-bud symptoms in any 
host of false blossom are onset symptoms, or at least symptoms that appear 
only during the time the infection is becoming established. In late stages 
of disease the plants usually bore no flowers whatever. The virus caused 
all plants to become chlorotic, to assume a more upright habit of growth 
than is normal, and to produce large numbers of secondary shoots. In 
general it may be said that false blossom is a yellows type disease that causes 
marked and specific effects on flowering and fruiting organs. 

STKAINS OP FALSE BLOSSOM VIRUS 

Palse-blo>ssom cranberry plants received from Dr. Stevens showed dif- 
ferent degrees of severity; some were stunted much more than others. 
Leaves on badly stunted plautvS usually were small er than leaves on plants 
that had made better growth. At first it was presumed that the severely 
stunted plants had been diseased for a longer time than larger plants. 
However, when virus was transmitted from cranberry plants showing dif- 
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FALSE BLOSSOM NOT TRANSMITTED BY MEANS Ol^ JUICE 


Fig. 1. Flowers and fruiting capsules oi Nicotiana riistica affected by false blossom. 
Branch in upper row at left is healthy; all others are diseased. The picture shows mal- 
formations caused by false blossom in this host. (Photograph by J . A. Carlile.) 


mitted in series in periwinkle by grafting. In four successive transfers 
each strain remained unchanged as judged by the symptoms produced 
(Fig. 2, A), Howevei", on a plant that was kept under observation for 
about six months and was affected by the milder of the two strains a branch 
developed that showed severe symptoms. No branches on the plants affected 
by the severe strain develojied mild symptoms. This aspect of the cran- 
berry f alse-blossom disease problem deserves further study. 


It is a well-known fact that false blossom cannot be transmitted to 
cranberry plants by means of juice inoculations. Nevertheless the possi- 
bility existed that it might be ti*ansmissible to other species by this means. 
When it was found that the disease would go to solanaceous plants, at- 


fereiit degrees of stunting to periwinkle and tomato plants it was observed 
that in the latter also the disease showed different degrees of severity. 
Virus transmittd from badly stunted cranberry plants produced severe 
stunting in periwinkle and tomato, Avhereas viims transmitted from less 
seriously affected cranberry plants produced less stunting in p)^i^iwinkle 
and tomato. When tomato plants affected by the viruses from several 
different cranberry plants were arranged in a row according to severity 
of stunting they presented a graded series of symptoms. This observation 
suggested that strains of one virus, rather than several different viruses, 
were causing the different types of disease. Two of the strains were trans- 
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tempts were made to transmit it to two host species by the rubbing* method 
of inoculation. Since all attempts to pass the virus in this way were 
unsiiceessful only one experiment will be described. 



^ f the same. age. Plant at the left is healthy, 

of a”*! plant at the right by -a severe strain 

blossom virus. B. Two periwinkle plants of the same age. Both were badly 
false blossom vrhen the plant at the left was given a 21-day treatment at 42° C 

wer^Tthat af nnt’r?t®i®T*'l® « shows that the treated plant was 

SlUe.T^ ** * untreated plant remained badly diseased. (Photographs ^ J- A. 


Juice was pressed out of leaves and stems of a false-blossom tomato 
plant and immediately rubbed over the upper surfaces of all leaves of 6 
healthy tomato plants and 2 healthy plants of Nwothna gluUnosa. Juice 
from a healthy tomato plant was rubbed over the upper surfaces of the 


Kunkel: Cranberry False Blossom 


leaves of 2 healthy tomato plants and 1 healthy plant of Nicotiana glutinosa 
that served as controls. All of the plants remained healthy in appearance 
during 3 months that they were kept under observation. It w^as concluded 
that the virus could not be transmitted to these species readily, if at all, 
by means of juice. 


FALSE BLOSSOM NOT TRANSMITTED BY MACROSTELEB DIVISUS (UHL.) 

Although false blossom is a yellows type disease it seemed unlikely 
that it would be transmitted by the aster yellows vector, Macrosteles divisiis. 
Nevertheless this possibility wms tested in 3 experiments. In one of these, 
65 virus-free nymphs w^ere allowed to feed on a.false-blossom carrot plant 
for 12 days. A similar virus-free colony of the same size was kept on a 
healthy carrot plant for the same period. The 2 colonies were held on 2 
different aster plants for 5 days. Then each colony was passed successively 
to 11 different healthy carrot plants. They were confined on the plants 
for intervals varying from 2 to 12 days during a period totaling 40 days. 
Only 3 insects from the colony that had fed on the false-blossom carrot 
plant, and only 5 insects from the control colony were living when the 
test was ended. All plants were observed for 3 months following exposure 
to insects. They all remained healthy. It was concluded that Macrosteles 
divisics is unable to transmit cranberry false blossom in carrots. 


FALSE BLOSSOM NOT TRANSMITTED THROUGH DODDER SEEDS 


Seeds were collected from a large dodder plant that had grown and 
produced seeds on a false-blossom tomato. Many of the seeds were 
shrivelled and more or less deformed, but some were plump. Whether the 
poor quality of the seeds produced was due to infection of the dodder by 
false blossom virus or to insufficient nourishment furnished by the diseased 


host is not known. One hundred of the best-looking seeds were selected 


and planted in moist peat j only 6 of them germinated. When the seedlings 
were about one and one-half inches high each was transferred to a different 
healthy young tomato plant. All of the dodders grew and parasitized the 
plants on which they had been placed. After they had fed on the plants 
for 3 months they were removed and destroyed. The tomato plants were 
cut back and kept for 4 months after the dodders were removed. All re- 
mained healthy. Although the number of seedlings grown and tested 
was small, it was concluded that the virus cannot be transmitted readily, 
if at all, through dodder seeds. 

An effort was made to determine whether it might be transmitted 
through tomato seeds. If Bonny Best tomato plants are large enough to 
be setting fruit at the time they become infected with false-blossom virus 
they will produce undersized fruits that ripen more or less normally. Such 
fruits usually bear no seeds but some contain fair numbers of small seeds 
and a few seeds that are almost but not quite as large as those borne by 
healthy fruits. Out of fruits that were harvested from 30 diseased tomato 



















'US’ 


i 



816 


Phytopathology 


[Yol. 35 


plants 25 fairly iioniial looking seeds Avere obtained. They were planted 
ill soil in two 8-incli pots. None of them germinated ; hence it was not 
possible to determine whether or not they carried virus, 

CURB OP PALSB BLOSSOM IN PERIWINKLES 

A preliminary heat treatment experiment in Avhich faise-blossoin jieri- 
winkl.es Avere held at 34° C. for periods np to 2 AA^eeks gaA^e no cures; hence, 
higher temperatures Avere tried. Eighteen diseased xiiants were dhdded 
into 9 sets of 2 plants each ; 1 set Avas not treated and served as a control. 
The other 8 sets AA^ere treated at 36° C. for 7, 8, 9, 10, 11, 12, 13, and 14 
days, respectively. A month alter treatment it Avas observed that the tops 
of the plants exposed to heat for 7 and 8 days Avere somcAAdiat greener than 
the tops of control plants, but that the new groAvth had symptoms of 
disease. The tops of the plants exposed for 9, 10, 11, and 12 days had 
produced new” groAvth bearing normal floAvers, and foliage that appeared 
healthy, HoAAwei*, sprouts that had deA^eloped on the main steins and 
large branches at some distance beloAv their tips had false-hlossoni symp- 
toms. The tops of the plants exposed for 13 and 14 days appeared healthy 
throughout, but sprouts arising at or slightly above the ground level showed 
symptoms in all eases. The tops of these plants apparently had been cured 
but virus liad remained in the underground stem tissues, and, no doubt, 
in the roots. 

In the next experiment 12 diseased plants Avere divided into 6 sets of 
2 plants each, X)iie set Avas not treated and served as a coiitroL The other 
5 sets AA^ere treated at 40° C. for 7, 8, 10, 12, and 14 days, respectiA^ely. 
The condition of the plants Avas observed and recorded 2 months after 
treatment. Those treated for 7 and 8 days had false-blossom symptoms 
in many of their branches but the tips of some branches bore normal fioAvers 
and liealthy-appearing leave>s. The ti]:)s of all branches on the plants 
exposed for 10 days were healthy in appearance, but the main stems and 
large branches bore diseased sprouts a feAV inches beloAv the tips. The 
iieAA” growth in the tops of the plants treated for 12 days Asms healthy in 
appearance, but each plant bore diseased sprouts that arose near the ground 
level. The tops of these plants apparently had been cured but virus per- 
sisted in the underground parts. All new^ groA\dh prodiieed by the peri- 
winkles treated for 14 days was healthy in appearance and remained so 
for the 8 months that the plants AA’^ere under observation. It A 7 as con- 
cluded that they had been cured. The experiment shoAved that treatment 
of 40° C. for 12 days cured the tops but not the nndei’ground parts, vA’hile 
treatment at 40° G, for 14 days cured both tops and underground parts. 

In another experiment diseased plants Avere treated at 42° C. for 14 
days or longer. Ten diseased plants Avere divided into 5 sets of 2 plants 
each, One of the sets Avas not treated and served as a control; the other 
4 sets were treated for 14, 16, 18, and M days, respecth^ely. All of the 
plants AA^ere observed for 8 months. At no time did symptoms of disease 
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appear in new gTowtli from the treated plants* The control plants were 
diseased throughout (Fig* 2, B). It was concluded that all of the treated 
plants in this experiment were cured. 


CURE OP FALSE BLOSSOM IN CRANBERRIBS 

As has already been stated, preliminary heat treatment experiments 
with false-blossoin cranberries were carried out soon after diseased plants 
were received. In one experiment 8 plants were exposed to 86° C* for 
periods varying by one day intervals from 7 to 15 days. None of the 
plants was seriously injured but none "was cured. In another experiment 
4 plants were treated at 38° C., and 4 at 40° C., for periodvS varying by 
7-day intervals from 1 to 4 weeks. All of the plants treated for 2, 3, and 
4 weeks were seriously injured and later died. The plants treated for one 
week lived and after some time produced new growth in which false-blossom 
symptoms eventually appeared. 

■When the results with periwinkles became available further heat treat- 
ments with cranberries Avere undertaken. The early cranberry experiments 
had indicated that heat treatments at fairly high temperatures for periods 
up to about 10 days caused less injur’y than treatments at somewhat lower 
temperatures for longer periods. The periwinkle experiments had showm 
that treatment at 40° C. had to be continued for about 2 wrecks to inactivate 
all of the virus in underground parts. Therefore, treatments at 42° and 
43° C. were tried. 

While the work Avas in px’ogress Stevens (26) published a brief note 
describing unsuccessful attempts to cure false blossom. He subjected dor- 
mant false-blossom plants to temperatures varying from 118° F. to 129° F. 
His periods of treatment A^aried from 5 minutes to 2 hours for the higher 
temperatures and up to 12 hours for the loAver temperatures. He states 
that temperatures above 122° F. for x>eriods longer than 30 minutes killed 
or hopelessly stunted the plants, whereas temperatures beloAv 122° F. even 
after periods up to 3 hours or more failed to injure the virus. 

In the first experiment diseased cranberries were held at 42° C. Three 
plants Avere treated for 5 days, 3 for 8 days, 3 for 9 days, and 3 for 10 days. 
Taax) of the plants treated for 9 days and 2 treated for 10 days died; all 
of the others lived and ^ were held under obserAmtion for 2 years. The 3 
plants treated for 5 days were not cured, as was shown by cranberry false- 
blossom symptoms that appeared in the new groAvth, and by transmission 
of virus from each to tomato plants. The other 5 plants showed no 
symptoms of false blossom (Fig. 3, A) in growth that developed after 
treatment, and dodder that AAms allowed to parasitize them did not transmit 
virus to tomato plants. 

In another experiment 12 diseased cranberries were treated at 43° C. 
for one Aveek. The plants Avere injured somewhat and 3 died about a month 
foIloAving treatment. The other 9 plants were held under observation for 
2 years. Taa^o of them shoAved symptoms of false blossom in new growth 
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about 10 months after treatment, and dodder allowed to parasitize them 
transmitted f alse-blossom virus to tomato. The other 7 plants did not 
sho%v symptoms of false blossom, and dodder allowed to parasitize them 
did not transmit virus to tomato. Cuttings made from each of them pro- 
duced healthy-appearing plants. 

In another experiment 4 diseased plants were treated at 43° C. for 9 
days, 4 for 10 days, and 4 for 11 days. All of the plants were rather 
seriously injured and most of them died. However, 2 treated for 9 days, 
1 treated for 10 days, and 1 treated for 11 days survived. These plants 


Fig. 3. A. Cranberry plant cured of false blossom by a 10-day treatment at 42° C. 
'The picture "was taken about 14 montbs after treatment. B. Cranberry braneb showing 
recovery from false blossom following a 9-day treatment at 43° C. The small leaves on 
the older portion of the branch were produced before treatment, the large leaves on the tip 
portion, after treatment. (Photographs by J. A. Carlile.) 

showed no symptoms of false blossom in new growth in the 2 years that 
they were held under observation, and dodder allowed to parasitize them 
did not transmit virus to tomatoes. The portions of the vines produced by 
these plants before treatment bore small narrow leaves such as are pro- 
duced by plants with false blossom, while the tip portions bore large broad 
leaves such as are produced by healthy plants (Fig. 3, B). 

In the three experiments described a total of 16 f alse-blossom cran- 
berry plants that were treated for varying periods at 42° and 43° C. 
seem to have been cured. It is known that certain viruses, as for example 
peach yellows, may be present in the lower parts of plants for a long time 
without moving into the tops (12). Even tobacco-mosaic virus is slow in 
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moving from roots into tops of tobacco plants (21). The possibility that 
false-blossom virus may have remained in the underground portions in 
some or all of the cranberry plants that apparently were cured must be 
admitted. The aboveground portions of the plants undoubtedly were 
cured. 

DISCUSSION 

Although cranberry false blossom has been known to science for about 
thirty-five years and is of considerable economic importance (25) the nature 
of the disease was not fully established until 1929, when Dobroscky (5) 
found that it was caused by a virus transmitted by the blunt-nosed leaf- 
hopper Euscelis striatiilus (Fallen). Previous to that time false blossom 
had been thought by some to result from a physiological disturbance, 
possibly a disturbance in nitrogen nutrition (24). Dobroscky (6), using 
the leafhopper vector, attempted to transmit false blossom to the blueberry, 
Vaccinium corymhosum L., but did not succeed. Up to the time dodder 
transmission was reported in 1942 the disease had not been seen on any 
species except the American cranberry, Vaccinium niacrocarpon Ait., and 
the European cranberry, Vaccinium oxycoccus L. (15). It has now been 
transmitted by dodder to species belonging in ten different families of 
plants. Thus another plant virus that, for a long time, was thought to 
be highly specific has been found capable of infecting many species that 
are not closely related to the natural host. Whether the disease in nature 
occurs on any of these plants is not knoivn with certainty, but it seems 
probable that a tomato disease prevalent in Au.stralia and generally known 
under the name of big bud is identical with or closely related to false 
blossom. Samuel, Bald, and Eardley (23) state that “The disease that 
presents the closest parallel to tomato big bud as regards the host plant 
is undoubtedly cranberry false blossom, transmitted by the jassid Euscelis 
striatulus.” At the time this statement was made false blossom had not 
been taken to tomato ; hence it was not known that it would produce 
typical big-bud symptoms. The Australian disease is spread by the leaf- 
hopper Thamnotettix argentata (Evans) (8). Similar big-bud diseases of 
tomato also occur in the western part of the United States (4) and in 
Russia (22), where they are known under the names big bud and stolbui*, 
respectively. The vector or vectors of these diseases are unknown. 
Another similar disease affects eggplant in southern India, where it has 
been reported under the name of little leaf (9). It is transmitted by the 
leafhoppers Empoasca devasians Dis. and EiitetUx phycitis Dis. Hill (7) 
states that “It seems likely that the diseases known as ‘big bud’ in Aus- 
tralia, ‘stolbur’ and ‘raontar’ in the U.S.S.R. and ‘little leaf’ in South 
India, are all due to the same virus or to veiy closely related viruses. ’ ’ 
The symptoms produced by big bud of tomato and by false blossom in 
tomato in the United States suggest these diseases also belong in the stolbur 
group. They probably are produced by closely related strains of one 
virus. Several plants on which big bud in Australia have been found 
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ocexirring naturally or to wliidi it lias been transmitted have been shown 
to be susceptible to false-blossom virus. These include tomato, tobacco, 
parsley, parsnip, cultivated carrot, celery, Fhlox Drumniondn Hook., and 
CalenMa ofidnalis L. Both viruses are known to affect vspecies in the 
genera Petunia^ Centaurea^ Gaillardia, and Dianthus. Thus two of the 
viruses in the group show similarities in host ranges as well as in symptoms 
produced. False blossom causes woodiness in fruits and stems similar to 
that described by Michailowa (20) for stolbur in tomato. These two 
viruses produce histological changes that are closely parallel. It is also 
interesting to note that of the four leafhoppers known to spread diseases 
of this type, three, Eimelis striahihis, Eutettix phycitis^ and Thamnoteitix 
argentafa, are in closely related genera, while the fourth, Empoasca 
devast mis, is in a closely related division of the subfamily Jassinae. 

False blossom is the first disease in the group to be cured by heat. 
If the other diseases are as closely related as is believed they also should 
respond to heat treatments. Although false blossom has been cured only 
in the periwinkle and the cranberry it seems likely that it might be cured 
in many other species. Whether the heat cure described in this paper 
will be of any practical value to cranberry growers is not known. If some 
method could be foimd of warming up the ivater in flooded cranberry bogs 
it might be possible to cure the tops of diseased plants at least. 

It is not known why some cranberry plants were cured by treatment 
at 43® C. for 7 days, while others were not. How^ever, this was the mildest 
treatment that proved effective and it is possible that the plants which 
retained virus had somewhat thicker stems or were rooted more deeply 
than those that were cured. Judging by results of the experiments reported 
in this paper treatments at 42® or 43® C. for about 8 days are to be recom- 
mended for cure of cranberry plants. False-blossom virus proved to be 
somewhat less sensitive to heat than the viruses of aster yellows (14), 
peach yellows (13), or potato witches ’-broom (18). 


summary 



1. Cranberry false-blossom virus was transmitted by dodder, Cuscuta 
eampestris, from cranberry to 28 different species of plants belonging in 
10 different families. It was transmitted by dodder from Vinca rosea and 
tomato to cranberry plants. It was retained by dodder growing on healthy 
plants over a period of twm yeai^s, and apparently multiplies in this vector. 

2. False-blossom virus also was transmitted to Vmca rosea, Turkish 
tobacco, tomato, potato, Nicoiiana glutinosa, and N, rustiea by grafting. 

3. It was not transmitted mechanically by means of juice, by the* aster 
leaf hopper, Macrosteles divistis, or through dodder seedvS produced by the 
parsKsite while growing on a diseased tomato plant. 

4. Ill all the species to which it w^as taken false blossom produced 
yellows tyj^e symx>toms. In many it caused gigantism in flowering and 
fruiting organs; it caused sterility in the tomato. 

False blossom in periwinkle and cranberry w^as cured by heat treat- 
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iiients. Treatments at 42° or 43° C. for about 8 days are recommended 
for cure of cranberry plants. 

6. It is suggested that false blossom may be closely related to big bud 
of tomato in Australia and the United States, to stolbur of tomato in the 
U.S.S.R., and to little leaf of eggplant in South India. 

The Department op Animal and Plant Pathology, 

The Rockefeller Institute for Medical Research, 

Princeton, New Jersey. 
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A LEAF SPOT OP COWPEA AND SOYBEAN CxiUSED BY AN 
IJNDESGRIBED SPECIES OP HBLMINTHOSPORIUM 

Lindsay S. Olive, i Douglas C. Bain, 2 

andC.L.Lefebvees 

(Aceex)ted for publication May 25, 1945) 

On August 14, 1944, several leaves of Yigna simnsis (L.) Endl. with leaf 
spots of a type not heretofore observed on this plant were collected from a 
severely infected field near La Place, Louisiana, and examined for pathogens. 
The only organism constantly associated with these spots was a species of 
Tlelminthospornm which does not appear to have been previously described. 
At La Place, the fungus was causing a great deal of damage to several varie- 
ties of eowpea over an area of 50 acres. It was not found by us in any other 
locality in the State, nor on any plant other than the eowpea in that area. 

Later, we observed a note in the Plant Disease Reporter (Vol. 28: 970. 
October 1, 1944) to the effect that an unidentified species of Helmintho- 
sporkim had been found on eowpea leaves by the Bureau of Entomology and 
Plant Quarantine. At our request, Dr. D. P. Limber generously sent us 
specimens of this material. Three collections, all made by A. W. Blizzard, 
were examined. Two of the collections— one from Burton, South Carolina, 
the other from Elizabeth City, North Carolina — ^were found to be identical 
with our fungus. A third collection from Seabrook, South Carolina, is still 
another species which we do not find listed for eowpea or any other 
leguminous host. 

On looking over some diseased soybean specimens collected in Florida 
during 1943, a few^ leaves of Mamredo and Edsoy varieties collected in 
August had several leaf spots caused by a fungus which appeared to be 
identical with the one on eowpea. A culture of the fungus, made in August, 
1943, was found to be still viable. 

The only ot HelmintJwspormn reported on Vigna smeMsis up 

to the present time is H. mulle B. & C., w^hich is entirely different from the 
species described in this paper. After a search through the literature, in 
which particular attention was given to all descriptions of species on 
leguminous hosts, we were unable to find any description of the fungus 
studied by us. Moreover, no previous repoi*t of a Ilelminthosporium on 
soybean was found. 

The finding of this f ungiLs primarily in endemic areas near ports of 
entry would seem to indicate that it has been recently introduced into the 
llnited States froni some other 

1 Pathologist, Uraergency Plant Pisease Prevention, Bureau of Plant Industry, Soils 
and Agrieultiiral Engineering, Beltsville, Maryland. 

2 Pathologist, Emergeney Plant Disease Prevention, Agricnxltural Exl^erinlent Station, 
Baton Bouge, Louisiana, 

s Pathologist, Division of Porage Crops and Diseases, Bureau of Plant Industry, Soils 
and Agrieultiiral Engineering, Beltsville, Maryland, 



1945] Olive et al. : Helminthosporium on Gowpea and Soybean 823 


DESCRIPTION OP THE LEAP SPOT 

This disease, to which we are giving the common name of target spot, 
is chiefly one of the foliage of cowpeas, where it first appears as nnmerons 
reddish-pnrple dots which gradually enlarge into conspicnons brown circxdar 
areas, often with wavy margins (Fig. 1, A). Mature spots almost always 
have an outstanding donation, consisting of a varying number of reddish- 
brown rings against a lighter brown background (Fig. 1, B). Each spot 
generally has a small reddish-brown dot in the center. Several spots may 
coalesce to produce more extensive brownish areas on the leaf, but each one 
maintains its own identity by virtue of its conspicuous zonation and the 



Pig. 1. Cowpea leaves showing natural anfeetion with Eelminthosporium mgnae 
sp. nov. A. Leaflet with cliaracteristie spots and shot-hole effect. B. Enlarged spots, 
showing concentric zonation. 


central dot. The spots show on both surfaces of the leaf, but are more con- 
spicuous on the upper surface. Eventually the dead brownish tissue may 
rupture and fall out completely, leaving holes in the leaf and imparting to 
the leaf an appearance of having been eaten out by insects (Pig. 1, A). 
Yellowing of the entire leaf and defoliation occur in severest cases. Most 
of our leaf specimens from the field have from 2 or 3 to an indefinite number 
(50 or more) of zoned spots and a larger number of small, purplish, unde- 
veloped spots. The majority of zoned spots are 3 to 10 mm. in diameter, 
but some range up to 2 centimeters. 

On diseased soybean from the field, a few less conspicuous brown spots 
caused by the fungus were found scattered over a few of the leaves. These 
spots did not have the zonation so characteristic of those on cowpeas. 
Damage to the soybean by this fungus does not seem to be serious. 
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STEM INFECTIONS 

Later in tlie season it was observed that the fungus was capable of pro- 
ducing numerous reddish-purple spots and streaks of various sizes on mature 
stems and petioles of cowpeas already made unhealthy by severe foliage 
infection (Fig. 2). The HelmintJiosporium was found sporulating on some 


lowpeas naturally infected with. EelmintJiosporimi 


and, we obtained almost no stem infection 
pea plants in the greenhouse, and no visible 
small and rather superficial purplish spots 
, Thus it appears that only old steins of 
be attacked with any severity by the fungus. 
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Other fungi were generally associated with the purple stem spots of held 
specimens and were undoubtedly partly responsible for the severity of the 
stein infections. 

No spotting of soybean stems by this fungus has been observed. 

DESCRIPTION OF THE FUNGUS 

When diseased cowpea leaves are brought in from the field and examined 
under low power, numerous elongate, dark brown eonidiophores may gen- 
erally be seen on both surfaces of the leaf spot. Conidiophores tend to be 
more abundant on the reddish-brown rings than between them. They occur 
either singly or in groups of 2 to 6. 

Under high-power magnification the eonidiophores are l“20-septate and 
variable in length, measuring 6-11 x 44-380 p. The majority are 3~5-septate 
and 8 x 125-200 p. They arise from swollen basal cells and produce eonidia 
singly or in chains at their tips (Fig. 3, B and C). Rarely a condiophore 
may grow beyond the point where the first conidium was formed to produce 
a second one (Fig. 3, D). 

When the cowpea and soybean leaves are first brought into the laboratory 
for examination, the eonidia present on the leaf spots are typically brownish, 
elongate, broadest at the base and very perceptibly tapered towards the 
apex (Fig. 3, A). They measure 8-19 x 40-270 p and are 3-20-septate, the 
average being about 17 x 120 p and 10-septate. They may be straight or 
curved, the latter characteristic applying to most of the longer ones. Some 
are long-cylindrical and of almost the same diameter throughout (Fig. 3, D) . 
Their walls are thickened in the manner characteristic for the genus. 

When diseased leaves are placed in a moist chamber, the conidiophores 
tend to be slightly longer, but do not vary significantly from the description 
given. However, few of the eonidia formed in the moist chamber have the 
broad base and tapering apex which are typical of those produced in the 
field. They are generally straight or somewhat curved, long and slender, 
and usually taper very gradually, if at all, towards the apex (Fig. 3, B 
and B). They measure 7-11 x 40-306 p and are 1-20-septate, averaging 
10 X 150-250 p and 10-15-septate. They appear in chains of 2-5. This 
tendency towards catennlation has been frequently observed in the field 
early in the morning while the dew still covers the plants. It will be 
described more fnlly under the discussion of cultural characteristics. 

The conidium generally becomes multiseptate before it is shed. On 
germination it produces a germ tube at each end (Fig. 3, B). At the basal 
end there is a hilnm, containing a centrally located pore through which the 
germ tube passes (Fig. 3, A, B, and F) , The other germ tube passes directly 
through the apex of the conidium where the wall is very thin (Fig. 3, B ) . A 
few eonidia have been seen to produce an additional germ tube, from an 
intermediate segment, but this is rare. 

When diseased stems are placed in a moist chamber numerous eonidio- 
phores bearing eonidia appear on them. Measurements fall within those 
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already given for the fungus on the leaf spots: most of the condia are 
8-11 X 86-196 jj and are 4-7'Septate, while the eonidioiihores reach their 
maximum length here, measuring 6-8 x 34-750 p. 

No definite morphological differences between the fungus on cowpea 
leaves and stems and the one on soybean leaves have been observed. Certain 
physiological differences have been determined, however, and these will be 
described later in connection with inoculation results. 

cultural characteristics 

Single-spore cultures of the fungus were made and its growth rate and 
degree of sporulation tested on potato-dextrose, corn-meal, prune, malt, and 
Czapek’s-solution agars. It grew and fruited on all of these, but the best 
production of eonidia occurred on potato-dextrose and on Czapek’s-solution 
agar, the poorest on malt agar. In most eases the rate of growth is moderate 
and eonidia begin to appear about 5 to 6 days after the culture is started. 
The hyphae at first form a white floceulent mass, which later becomes dark 
gray and forms an olivaceous black mat at the surface of the agar. This 
dark discoloration eventually extends throughout the agar medium. 
Hyphae and eonidia at first appear nearly hyaline under the microscope, 
but soon become dusky brown. 

In culture the eonidia are typically borne in chains of 2-5, or possibly 
more (Fig. 3, J). They appear to be produced aeropetally only; that is, 
the first conidium produces at its apex a secondary conidium, which in turn 
may give rise to a third in the same way and so on. Frequently m many 
as 3 are found in a row before any of them have matured. Often they begin 
to germinate before they separate from the chain, in which case the develop- 
ing germ tubes impart to the eonidia the appearance of being connected by 
little intercalary plugs (Fig. 3, H, b) . This same tendency towards catenu- 
lation was also observed by Drechsler^ in Helmdnthosporium catenarmm 
Drechs. and by Berg^ in H. papidosam Berg. 

Frequently hyaline vesicles, probably gelatinous iix nature but with func- 
tion unknown, are found in various positions on the eonidia, A vesicle is 
sometimes at the point of contact of two eonidia in a chain (Fig. 3, H, c) ; 
at other times it is around some of the intermediate segments (Fig. 3, K). 
Similar structures were also reported by Berg for Helminthospormm papil- 
losum, Our fungus has several characteristics which seem to ally it with 
the species studied by Berg, the catenulate nature of the eonidia in a moist 
environment and the occurrence of vesicles on them in culture being two of 
the most important similarities. The vesicles were not observed on eonidia 
produced on leaf and stem spots in nature. 

Rarely, a conidiophore produced in culture bears two eonidia at its tip 
(Fig. 3, 1). While most of the eonidia are 4-8-septate, they may range fx'om 

Breelisler, C. Some gramiiaicolous species of Hehnintliosporium : I. Joui’. Agr. Bes. 
[U. S.] 24: 670. 1923. 

5 Berg, A. Black pox and other apple-bark diseases commonly known as measles. 
West Virginia Agr. Exp. Stat. Bull. 260. 1934. 
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imieeliular to 15-septate and measure 7-12 x 26-204 ^ jn culture on potato- 
dextrose or Czapek\s-solution agar (Fig. 3, H-K). Some are broader at the 
base and taper conspicuously towards tbe tip, but the majority are cylin- 
drical and about tbe same width throughout. They vary from straight to 
conspicuously curved. Conidiophores in culture are mostly 1-4-septate and 
extremely variable in size, measuring 4.5-8 x 26-440 p. 

Soon after the culture becomes well established, numerous chlamydo- 
spores generally appear. They are most abundant in older cultures and 
cultures made by repeated transfers. They are hyaline, terminal or inter- 
calary, and measure 14r-20 x 16-30 p. 

With respect to cultural characteristics, no essential differences were 
observed between the fungus isolated from eowpea leaves and the one from 
soybean leaves. 

INOCULATION EXPERIMENTS 

Cultures of the fungus isolated from eowpea leaves collected in Louisiana 
and from leaf spots of Mamredo soybean collected in Florida, were used in 
making inoculations. These inoculations consisted of spraying the plants 
with an aqueous suspension of spores and hyphae of the fungus. The patho- 
genicity of the fungus from eowpea was tested on four varieties of eowpea 
(Blaekeye, Early Buff, Early Silver Crowder, and Iron) and on six varieties 
of soybean (Nanda, Avoyelles, Otootan, Biloxi, Seminole, and Mamredo). 
All varieties of eowpea showed signs of infection within 3 days following 
inoculation. In 6 days the results were outstanding. Many conspicuous 
purple spots appeared on the leaves, followed by a yellowing of the more 
severely infected leaves. Considerable defoliation was the final result. The 
variety of eowpea most severely attacked was Iron; the least injured was 
Blaekeye. Damage to Early Buff and Early Silver Crowder was severe. 

Leaf spots appearing on inoculated cowpeas eventually turned brown, 
but each retained a purple border and a purple dot in the center. These 
spots did not have the concentric zonation found on diseased leaves collected 
in the field (Fig. 4, A). The fungus was readily recovered from the spots 
induced by inoculation. 

All 6 varieties of soybean showed slight infection in the form of small, 
scattered, purplish spots which appeared about 3 days after inoculation and 
had little or no tendency to enlarge. These spots often had a light yellow 
discoloration around the border. They became brown, but remained small 
and without concentric zonation. Since the infection on soybean was light, 
no defoliation resulted. The fungus was recovered from leaf spots on these 
inoculated soybeans. 

In spite of its morphological similarity to the fungus isolated from eow- 
pea, the fungus isolated from Mamredo soybean did not give the same results 
on inoculation. The Iron eowpea, which was so heavily spotted by the 
former, was only slightly inf eeted when inoculated with the latter. Few to 
many small purple specks appeared on the leaves, but these tiny spots 
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Pig. 4. Eesults of artificial inoculation with Jlelminthosporium vignae sp. nov. 
showing spots on leaves of cowpea (A) and soybean (B) . 


showed little tendency to enlarge and cansed little or no permanent damage 
to the plants. When several Biloxi and Mamredo soybean plants were inocu- 
lated with the fungus, numerous, small, reddish-purple spots developed 
(Fig. 4, B). These spots showed little tendency to enlarge and eventually 
turned brown. They were very similar to those produced by the fungus 
from cowpea leaves. No defoliation occurred and damage to the plants was 


almost negligible. The fungus was recovered from, leaf spots on inoculated 
soybeans and from a few spots on inoculated cowpeas. 

It is apparent that two parasitic races of the Helminthosporium have 
been involved in these investigations. Race 1, isolated from cowpea leaves, 
is capable of causing severe infection of cowpeas and a light spotting of 
soybeans. Race 2, isolated from leaves of Mamredo soybean and morpho- 
logically similar on the host tissue as well as in culture to Race 1, produces 
a light spotting of soybean leaves and few to many very small spots on the 
cowpea, with little or no damage resulting to either host. 
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It was discovered that, after 3 or 4 transfers of Eace 1 had been made, 
this race of the fungus lost its pathogenicity and failed to produce any infec- 
tion on either eowpea or soybean. Very often conidia ceased to appear after 
repeated transfers of the fungus had been made. However, loss of patho- 
genicity does not appear necessarily to be related to a lag in conidial pro- 
duction, since some old cultures which were still producing conidia had lost 
their virulence. The most effective inoculum was made from cultures grown 
directly from single conidia taken from the diseased leaf, without any inter- 
vening transfers. Race 2 seemed to retain its pathogenicity better. All 
cultures of it used in inoculations came originally from a culture which had 
been isolated in August, 1.943. It produced conidia abundantly and proved 
to be as pathogenic to soybeans as Race 1 after we rejuvenated it by growing 
it on oats and then placing the oats on agar. 

The only sign of stem infection in any of the inoculation experiments 
was the appearance of a few rather superficial purplish spots on the stems 
of some of the eowpeas inoculated with Eace 1. These spots became less 
conspicuous as growth of the plants continued, and no damage was caused 
by them. The fungus was not found sporulating on any of the leaf spots 
resulting from inoculations until diseased leaves were placed in a moist 
chamber. Conidia produced on these leaves tended to be longer and less 
tapering than those already described (Fig. 3, E). 

DIAGNOSIS® 

Helminthosporixjm vignae Olive, sp. nov. Macxilae in foliis Vignae primum puncti- 
formes, parvae et purpuxeae, dein majores, bnmneae, eonsi>ieuae, eoneentxiee zonate, 
demiim seeedentes, in foliis Sojae minores, brunneolae, ezonatae; eonidiophora amphigena, 
singula vel S-d-caespitosa, fusca, 6-11 x 44-380 (-490) 1-20-septate, typica 8 x 125-200 p, 
et 3-5-septata ; conidia fusca, acrogena singiilata vel eatenulata oriunda, recta vel eurvata, 
basi lata, apice insigniter attenuata, interdnm anguste eylindriea, 8-19 x 40-270 p,, 3-20- 
septata, typice 15-18 x 100-180 p, et circa 10-septata. 

In foliis caulibusque Ft>wae sinensis et foliis Sojae max in Carolina boreali et aus- 
trali, Florida, et Louisiana. 

Spots on leaves of eowpea beginning as small purple dots and enlarging to conspicu- 
ous concentrically zoned brown spots which are often deciduous; stems with purplish spots 
and streaks late in the season; spots on leaves of soybean smaller, brownish, not zoned. 
Conidiophores appearing on both surfaces of the leaf, singly or in groups of 2-6, dark 
brown, 6-11 x 44-380 (-490) p,, 1-20-septate, typically 8 x 125-200 p, and 3-5-septate; 
conidia brown, produced singly at the tips of the conidiophores, becoming catenulate under 
very moist conditions, straight or curved, with broad base and conspicuously tapering apex, 
sometim^^s varying to narrow cylindrical, 8-19 x 40-270 p,, 3-20-septate, typically 15-18 
X 100-180 and about 10 -septate, germinating by means of two polar germ tubes, the 
basal one passing directly through a pore in the center of the hilum. 

In culture on Ozapek's-solution agar or potato-dextrose agar, conidia appearing within 
6-6 days, and flocculent mycelium, white at first, becoming deep gray. Conidiophores 
mostly 1-4-septate and very variable in size, 4.5-8 x 26-440 p,; conidia cylindrical or taper- 
ing towards apex, often curved, typically in chains of 2-5, measuring 7-12 x 26-204 p,, 
0-15'Septate j chlamydospores becoming numerous in older cultures, hyaline, mostly around 
14-EO X 16-30 ix. 

On leayes, or on stems late in the season, oi Vigna sinensis (L.) End!., and on leaves 
of Soja max (L.) Piper; Korth Carolina, South Carolina, Florida, and Louisiana. 

6 The authors wish to thank Miss Edith Cash for preparing the Latin diagnosis of the 
fungus described in this paper. 

Specimens of dise^ed eowpeas and soybeans have been deposited in the Mycological 
Herbaria at the Bel tsville Plant Industry Station and at Louisiana State University. 
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SUMMARY 

A species of Helminthosporium, apparently heretofore undeseribed has 
been found to cause a severe leaf spotting- of cowpeas, with stem infections 
taking place late in the season. This fungus also causes a light spotting of 
soybean leaves. Two parasitic races have been isolated. Eace 1, isolated 
from cowpea leaves, causes a severe leaf spotting of cowpeas and a light 
spotting of soybeans; while Eace 2, isolated from soybean leaves, produces 
a light spotting of soybean leaves and few to many small specks of little 
consequence on cowpea leaves. 

Plant Industry Station, 

Beltsville, Maryland. 




■ 0 ..-.. 
rlf; " 


Ipr-V' 





'' ..‘•iSli-fti' 


PAEASITISM OF EHIZOCTONIA SOLANI FKOM ALFALFA^ 

Olivek F, Smiths 
(Accepted for publication May 25, 1945) 

lu a previoits publication (12) the writer described a root canker of 
alfalfa, which occurs in southwestern Arizona and southern California, and 
attributed its cause to Bhmoctonia solani Kuhn. This fungus species is 
known to have a wide host range (2, 3, 9), and strains within the species 
have been recognized by several investigators (5, 6, 7, 10, 11). This publica- 
tion reports results of pathogenicity tests on alfalfa with random isolates 
of B. solani, and tests of the pathogenicity on other crop plants, of the strain 
which causes alfalfa root canker. 

METHODS AND MATERIALS 

Plants were grown in galvanized iron cans, 7 inches in diameter and 11 
inches deep. A sandy loam soil from Nevada was used with its natural 
mieroflora, except for the addition of a small amount of inoculum. Inocu- 
lum was prepared by growing Bhizoctonia solani for about two weeks on 
previously soaked and sterilized barley grain. When the plants had a good 
top growth, five holes, about | inch in diameter and 9 inches deep, were made 
in each can of soil and the holes filled with inoculum. The temperature of 
the soil was then kept at 29-30'^ C. Usually the plants were exposed to the 
organism for about 4 weeks before they were removed from the soil and 
their roots examined for lesions. In some cases, however, disease develop- 
ment was rapid enough to allow for root examination after a shorter period. 

All results herein reported on alfalfa were obtained with the southern 
grown variety California Common. 

PATHOGENICITY OP ISOLATES PROM ALPALPA TO ALFALFA 

Isolates of Ehizocionia solani obtained from alfalfa grown in Cali- 
fornia and Nevada. Some of the isolates were from root lesions, some from 
fine transient roots (4), and some from young damped-off seedlings. A list 
of the isolates used and results obtained when California Common alfalfa 
was inoculated with them are in table 1. 

Only certain isolates produce root lesions on alfalfa (Table 1). Isolates 
obtained from alfalfa grown in Nevada caused no root lesions, whereas 
isolates from root lesions on alfalfa grown in California, where the root 
canker is prevalent, caused root lesions. Since one isolate from a transient 
I'oot of alfalfa, grown at Bard, California, did not produce root lesions, 
it is evident that isolates which cause root lesions and isolates which do not 
cause root lesions may be obtained from areas where the disease occurs. 

. of the division of Forage Crops and Diseases, Bureau 

of Industry, Soils, and A^ieultural Bngineermg, Agricultural Beseareb Administra- 
tion, XT. S. Department of Agriculture, and the Nevada Agricultural Experiment Station. 

2 Associate Pathologist, Division of Forage Crops and Diseases, D. S. Department of 
Agncuiture, ^ ^ 
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PATHOGENICITY OP ISOLATES PROM OTHER PLANT SPECIES 
TO ALFALFA 

To determine the pathogenicity of 'Rhizoctonm solani from other crop 
plants to alfalfa, isolates known to be pathogenic on certain plants were 
used, as well as some that had not been tested for pathogenicity. Isolates 
were obtained from sclerotia on potato tubers, and from underground lesions 
on potato stems. Others were obtained through the courtesy of W. J. Chere- 
wick,^ John E. Kotila,^ and D. C. Neal.^ Two isolates were furnished by 
Dr. Cherewick; one P-66, reported to be pathogenic on potatoes, and the 

TABLE 1. — List of isolates of Mhi^octonia solani and results obtained from green- 
liousG inoculation to alfalfa. All isolates obtained from alfalfa 


Isolate 

No. 

Place 'where plant 
was grown 

Part of alfalfa plant from 
which isolated 

Inoculation 

results^ 

92 

Minden, Nevada 

Lesion below ground on stem of 
young seedling 

0/28 

122 

do 


0/27 

115 

do 

Boot lesion 

0/21 

96 

Eeno, Nevada 

Damped-off seedling in green- 
house 

0/28 

119 

do 

do 

0/25 

120 

do 

do 

0/23 

121 

do 

do 

0/22 

98 

Bard, Calif. 

Transient root 

0/27 

102 

do 

Boot lesion 

28/28 

103 

do 

do 

4/26 

105 

do 

do 

21/21 

127 

El Centro, Calif. 

do 

22/30 

128 

do 

do 

20/23 

129 

do 

do 

21/30 

130 

do 

do 

24/25 

131 

do 

do 

30/40 

132 

do 

do 

23/26 


a Numerator = number of alfalfa plants with root lesions. 
Denominator - number of alfalfa plants inoculated. 


other, S.C.R.I., reported as causing a crown rot and seedling damping-off 
of sweetclover and alfalfa (1). Three isolates (Kr-167, Rr-216, and Er-380) 
were furnished by Dr. Kotila; R-167 and Er-216 are reported as causing 
damping-off and root rot of sugar beets, and Er-380 as causing damping-off 
and foliage blight of sugar beets. One isolate, pathogenic on cotton leaves 
(8), was furnished by Dr. Neal. The results from inoculation tests on 
alfalfa plants with these isolates of BMzoctonia solani are in table 2. 

In only one instance (Er-216) was Bhizooionia solani from other crop 
plants capable of causing root lesions on alfalfa (Table 2). In this case 4 
of 40 roots inoculated with Er-216 had root lesions; one root had 3 lesions, 
and three roots had one lesion each. The test was repeated with 50 alfalfa 

3 Agricultural Assistant, Dominion Laboratory of Plant Pathology, Winnipeg, Mani- 
toba, Canada. 

4 Pathologist, Division of Sugar Plant Investigation, U. S. Department of Agricul- 
ture, Beltsville, Maryland. 

5 Senior Pathologist, Cotton Disease Investigation, IT. S. Department of Agriculture, 
University of Louisiana, Baton Bouge, Louisiana. 
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TABLE 2,—l^esults oUained from greenhouse inoculation tests to alfalfa with isolates 
of MhiBOctonia solani from other plant species. Inoculated June 1, observed July 22, 1944 


Isolate 

Host plant 

Part of plant 
from which 

By whom 

Inoculation 

no. 

isolated 

isolated 

resultsa 

K~116 

Potato 

Sclerotium on potato 
tuber 

0. E, Smith 

0/25 

E-117 

E-126 

do 

do 

do 

Underground lesion 

do 

do 

0/21 

0/38 

P-66 

S.C.R.I. 

E-167 

R-216 

R-380 

B-134 

do 

Sweetclover 
Sugar beet 
do 
do 

Cotton 

on potato stem 


Boot 

Leaf 

W. J, Cherewick 
do 

John. E. Kotila 
do 
do 

B. C. ISTeal 

0/50 

0/58 

0/27 

4/40 

0/32 

0/51 


^ niimLer of alfalfa plants with root lesions, 
denominator = number of alfalfa plants exposed to organism. 


plants, using isolate E-21 6 of R. solani, and 8 of 50 plants inoculated liad 
one or more lesions. Alfalfa plants inoculated at the same time with isolate 
102, obtained from a root lesion on alfalfa at Bard, California, averaged 
29.4 lesions per main root for 25 plants. Thus It-216 can be considered as 
being only very weakly pathogenic on alfalfa roots under the conditions 
of these experiments. 


pathogenicity OP EHIZOCTONIA SOLANI, ISOLATE 102, 

ON PLANTS OTHER THAN ALFALFA 

Isolate 102 of BJmoctonia solani is very pathogenic on alfalfa roots 
(iable 1). It seemed advisable to determine if this particular isolate is 
pathogenic on other crop plants, some of which are grown in southern Cali- 
fornia and southwestern Arizona where Rhizoetonia root canker is prevalent 

several plant species mm 


— Inoculation 

Inoc. Examined I'esults® 

Canada held pea, Ptswm sv t T 77 • 

Bard vetch, Vicia calcarata Desf. a' ^ 20/41 

Berseom clover, Tn/oimm oIea:andniMi?» L. Mar 17 At)r° JS ^ 7 /rv 

Gnar, Cyamopsis tetraffonolobus V&nb (C "^ai. ir Apr. id 7/67 

psoraloides DC.) .... ‘ ^ * 

Hubam aweetdoyer, ™ ., 6/26 

Sour clover, M. indica All. 19/40 

Madrid Evergreen HweGtelover.'E aK^^^^^ .W 1 Tnlvoo 

Cumberland red clover, Trifolium pratenae L. ao ' do ?n /i n 

Almlta, Medicaffo sativa Ij. ' , 10/10 

- do do 33/33 

“ J'oot le77~~ ^ ™ ‘ 

ContrnTnW.~J’^’^®'' 

no organism was groiriag^T tbe^tek^graira^^^ inoculated plants except that 
remained healthy. * ^ added to the soil. AU control plants 
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Fig. 1. Effect of Mhwoctonia solani on several jilant species at a soil temperature of 
290^30° 0 . A, Bard vetch, not inoculated; B, Bard vetch, inoculated; 0 , Canada field 
pea, not inoculated; B, Canada field pea, inoculated; E, Cumberland red clover, inoculated; 
P, Madrid sweetclover, inoculated; G, Alfalfa, inoculated. A through D photographed 
two weeks after inoculation, E through G photographed approximately seven weeks after 
inoculation. 
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on alfalfa. Results from iiiociilation tests with isolate 102 on several plant 
species are in table 3. 

Isolate 102 of BUzoctonia solani is pathogenic on several plant species, 
but it is more pathogenic on some than on others. However, the effects of 
the organism on the different species are not alike. On alfalfa (Fig. 1, G), 
Madrid sweetclover (Fig. 1, F), and guar, the organism causes eharacteiv 
istic, circular, dark lesions on the main tap root and large lateral roots, 
but no marked symptoms on top growth until the disease has reached an 
advanced stage of development, at which time badly infected plants are 
somewhat stunted and some are killed. On Canada field peas, the organism 
invades the stem at the cotyledonary node and top symptoms no not appear 
until the stems are practically rotted off, then the plants wilt and dry 
rapidly (Fig. 1, D). No lesions were observed on the roots of Canada field 
pea. On Bard vetch the entire root system seemed to be rotted and partially 
destroyed, and the plants considerably weakened within two weeks (Fig. 
1, B). On red clover the main tap root was rotted off and an increased 
number of lateral roots was produced on the tap root above the place where 
it had been severed (Fig. 1, E) . On sour clover, very few single lesions were 
produced, but the main tap root and most of the fine feeder roots of infected 
plants were badly rotted. Berseem clover was apparently quite resistant 
as there were very few lesions on roots of affected plants. 

There was no indication of host specialization in the strain of Bhizoctonia 
which causes alfalfa root canker. In inoculation tests it has been as 
pathogenic on other crop plants as on alfalfa. It is a very pathogenic strain 
capable of parasitizing several plant species. 

SUMMARY 

California Common variety of alfalfa was inoculated with isolates of 
Bhizoctonia solani from other plant species, and other plant species were 
inoculated with a strain of B. solani which causes a root canker of alfalfa. 

Isolates from root cankers of alfalfa caused abundant root lesions when 
reinoeulated to alfalfa. Isolates from, other plant species produced no 
lesions on alfalfa roots, except isolate R-'216 which was only weakly patho- 
genic and produced only a very few lesions on alfalfa. 

Isolate 102, which causes root lesions on alfalfa, was pathogenic on roots 
of Bard vetch, Berseem clover, guar, Hubam sweetclover, sour clover, 
Madrid Evergreen sweetclover, and Cumberland red clover. It also was 
pathogenic on stems of Canada field pea. 

Nevada Ageiculturau Experiment Station 
AND ' 

Division op Poeaoe Crops and Diseases, 

D. S. Department OP Agriculture. 
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STUDIES ON ASCOGHYTA IMPEEFECTA, A SEED^ AND SOIL- 
BOKNE PAEASITE OP ALFALFA^ 


M . W . C 0 R. M A c IC 2 
(Accepted for publication June 2, 1945) 

Ascoeliyta imperfecta Peek is best known as tlie cause of black stem of 
alfalfa. This disease, first described in New York in 1908 (16), is now 
widely distributed in many alfalfa-growing areas and is of considerable 
economic importance in certain regions (7, 13, 14, 17). Most of the dam- 
age occurs on Tarieties of Medicago sativa, but the pathogen can attack 
other species of Medicago, and also Meliloius and Trifolmm (2). Non- 
leguminous hosts have not been reported. 

Aseochyta imperfecta was officially identified as the cause of black stem 
of alfalfa throughout Canada in 1938 (3), when it was also found asso- 
ciated with a root rot of alfalfa and otlier legumes in Alberta. Subse- 
quent studies have revealed that this fungus is commonly carried on the 
seed of alfalfa, as well a,s present in the soil of alfalfa fields, and that it 
can attack the seedlings under certain conditions. These previously un- 
reported findings, and additional data obtained on the host range and 
life history of A. 'imperfecta, are presented in this paper. 

OCCURRENCE OP ASCOGHYTA IMPEUPECTA IN ALBERTA 

Black Stem and Leaf 8pot 

Aseochyta imperfecta occurs commonly throughout Alberta on the stems 
and leaves of alfalfa. Infection is favored by cool, wet periods during 
the .spring and fall. Although the damage is sometimes severe in certain 
seasons in isolated eases, it is not of major importance in Alberta. Actual 
killing of the plants, such as occurs in Kentucky (7), has not been ob- 
served. The most damage is caused by infection of the young shoots 
early in the season. Blackening of the stems occurs progressively and is 
usually not severe until late in the season in stands left for seed. Obser- 
vational evidence indicates that severe infection of the flowering portion 
of the stem reduces the yield of seed. In Alberta, infection of the leaves 
IS often more severe than that of the stems, and considerable defoliation may 
occur before the hay crop is cut* 

^ Waek ste^^ and leaf .spot caused hj Aseochyta 
■ iperfecta have been fully described by other workers (7, 13 14 17) only 
a few special features will be mentioned here. Stem lesioning ranges 
fiom slight spotting to complete discoloration (Fig. 1, A) and varies 
from light brown to deep black. It is often conLed nmMy ^ 

+A conditions are favorable, infection progre.sses up the 

stem .0 a, to 11.. p«l. (Pig, 1 , B, C). The ppcnidk 

» Assistant Plant Pathologist. 

■ " S3K 



Fig. 1. Symptoms produced by AscocJiyta imperfecta. A* Alfalfa stems infected 
to varying degrees. B. Entire alfalfa stem severely infected. 0. Infected raehis and 
seed pods of alfalfa. B. Overwintered alfalfa stem with pyemdia. E. Affected roots 
of alfalfa, sweet clover, and red clover. F. Extent of rotting in roots of alfalfa, sweet 
clover, and red clover. G. Alfalfa seedlings from naturally infected seed. 
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of A. imperfecta are often absent or only sparingly borne on infected steins 
during the growing season. When present, they are most abundant in 
slightly dried, bleached areas, and are relatively scarce in the darker or 
blackened portioms of the stem' They increase greatly in number after 
grow'th ceases in the fall and are usually very numerous on the dead, over- 
wuntered stems (Fig. 1, D). The only other disease of alfalfa which might 
be confused with black stem is bacterial stem blight caused by Psetidomonas 
medicaginis Saekett. The latter, however, occurs very rarely in Alberta 
and can be distinguished from black stem by the lighter colored lesions, 
usually covered with bacteinal exudate. 

The leaf symptoms produced hy Ascochyt a imperfecta are extremely 
variable but usually appear as irregular, dark-brown spots. The leaf spot 
caused by Pseudopeziza medicagims (Lib.) Saec. sometimes occurs on the 
same plants but can be distinguished by the smaller, circular lesions with 
raised central discs. A. imperfecta rarely produces mature pycnidia on 
the leaves. When infection is severe the »spots coalesce and the leaves 
soon turn yellow and drop. 

Ascochyta imperfecta was readily isolated from typical lesions on the 
stems and leaves of Siberian yellow-flowered alfalfa (Medicago falcata)^ as 
well as those of several varieties of M. sativa. A few isolates of A. im- 
perfecta were also obtained from blackened stems of sweet clover {Melilotus 
alha and M. officinalis) , hut Ascochyta lethalis BIL & Barth, was predomi- 
nant on this host. Black-stem lesions on red clover {Trifolium pratense) 
and alsike clover {T. hyhridum) yielded only unidentified species of 
Ascochyta and Phoma. Black-stem and leaf-Kspot symptoms were also fairly 
common on various noncultivated legumes. A. imperfecta was isolated 
occasionally from diseased stems of Vicia amencunu and from leaves of 
Lathyrus spp., but nnidentified stmeies of predominated on these 

and other wild hosts. 

Isolations from Roots 

Ascochyta imperfecta was isolated from many diseased samples of 
alfalfa roots collected in various parts of Alberta, and from specimens 
sent from Saskatchewan. A few isolates were obtained from rotted roots 
of sweet clover. The fungus grew readily from diseased tissues picked out 
asepticaily or surface-sterilized prior to plating. Usually it occurred in 
lesions with other root-rotting pathogens, especially Gylindrocarpon Ehrem 
hergi {^) and the low^temperature hasidiomycete (5), and was detected 
only hy isolation. 

Symptoms of root attack typical of Ascochyta imperfecta were observed 
only in the relatively few cases where no other pathogen was present. The 
slightly sunken, dark-brown lesions usually occurred near the crown and 
rarely extended more than half way through the main root. Apparently 
infection occurred at the site of branch roots or wounds. The cracked 
or shredded tissues of these lesions sometimes contained a few pycnidia. 
Although the symptoms differ, this root rot is in some respects analogous 
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Fig. 2. A. Aseochyta imperfecta (dark-colored coloiues) from naturally infected 
alfalfa seeds. B. Colonies in soil dilution plates from samples obtained from alfalfa 
fields. 0. Ten -day-old cultures of 6 different isolates on potato-dextrose agar. 
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to the Stagonospora root rot of forage legumes described by Jones ana 
Weiiner (9). ^ 

Isolations from Seed 

Tlie fairly common occurrence of lesions on the racemes and seed 
pods ot alfalfa suggested that the pathogen might be seed-borne This 
was confirmed in seed isolation studies. The method used by Muskett and 
Malone (11) for the examination of flax seed proved most satisfactory 
In most ot the tests, 100 dry, untreated seeds of each sample were plated 
out on potato-dextrose agar. Surface disinfection was not practised since 
It usually destroyed A^cochyU imperfecta and other fungi on the seed 
Alter an nieubation period of one week the characteristic, dark-colored 
colonies ot A. imperfecta were easily recognized (Fig. 2, A), even when 
partly overgrown by Alternaria spp. or other saprophytic fungi. Seeds 
from all samples were also germinated on blotters or in soil, and^isolatioim 
weie made from the diseased seedlings. 

Cl « 1^0- JSTumber of samples iiifecteda 

Source of seed samples “ ; — _ 

examined ^scochyta Stagonospora Sclerotinia 

— — — - ^rfiperfeota meliloti sclerotiorum 

Northern Alberta qr ~ — 

Central Alberta . ? 3 3 

Southern Alberta qo 1 0 

Other Provinces i o 3 0 

5 0 1 

Total number 07 ~ ~ — — 

Percentage .... ^ ^ 7 3 

. ---—ZIZZIZI 3.1 

" Containing one per cent or more of infected seed o7^otte~ ~ ' 

irs-y-cHsSPpp" 

confined to the lower nortion of th« J P^“t infection was slight, or was 
seeds escaped infection Tt n 

tliroiigh the seed pods of sever^'iSeL’d Sants”t"d’T 
by oontoinatta a„rit.g aresMng .pd oaro^it “ “ 

aod ^ 

obtained through the courtesy of Th^Plalt 

Service, Department of Awfl it ' n Products Division, Production 
foundation, elite registered amT^co ^ *om 

made from a few sanies rltv^ r^Tl were also 

M»itob., SsdtotehewL, and d', 

-V «d..b.f Of d.e s.d ss^rididTSt 
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isolated from seed obtained from all of the principal alfalfa-growing areas 
of Alberta, and also from at least one sample from each of the fonr other 
Provinces represented. These samples contained from 1 to 40 per cent of 
seeds infected with the fungus. Unfortunately, no information was avail- 
able on the degree of infection in the stands from which they were harvested. 
The proportion of infected seed samples was approximately the same in the 
crop years of 1941 and 1942. 

No association was found between the quality or appearance of the 
seed samples and their degree of contamination with Asoochyta imperfecta. 
Highly infected samples w^ere found in all classes of seed examined. In 
tests with several samples containing 15 to 25 per cent of discolored, 
shrivelled, cracked, or green seeds, the pathogen was isolated as often 
from the sound, mature seeds as from the abnormal ones. It also occurred 
commonly on the hulls or other debris in poorly cleaned samples. 

The results of dilution platings and microscopic examination of the 
sediment obtained by centrifuging samples of infected alfalfa seed strongly 
suggest that Asoochyta imperfecta persists mainly as mycelium on or 
in the outer portion of the seed coat. Spores were not observed in the 
sediment or washings from any sample. Moreover, pycnidia were not 
found on infected pods or seeds. 

The only other pathogens found in alfalfa seed were Stagonospora 
meliloti (Lasch) Petrak (Leptosphaeria pratensis Sacc. & Briard), and 
Sclerotinia sclerotiorum (Lib.) de Bary. The sclerotia of the latter were 
mixed with the seed of a few samples. Neither of these pathogens was 
nearly as prevalent as Asoochyta imperfecta (Table 1). Also, no sample 
contained more than 2 per cent of seeds infected with meliloti. Alter- 
naria spp. were most numerous among the various apparently saprophytic 
fungi isolated. 

Asoochyta imperfecta was not found during the routine examination 
of several seed samples of sweet clover, red clover, and alsike clover. Stag- 
onospora meliloti, previously reported as seed-borne by Jones (8), was found 
much more frequently in sw^eet-clover seed than in alfalfa seed. 

Isolations from Soil 

Samples of soil were taken in the fall from several alfalfa fields of 
varying age, cereal fields of known history, virgin prairie, and from virgin 
woods. They were taken one-half inch below the surface in all cases, and 
also at depths of 2 and 6 inches in the alfalfa fields. Soil dilutions were 
made, and plates of potato-dextrose agar poured in the usual manner. 
The colonies of A. imperfecta (Pig. 2, B) in each plate were counted after 
incubation for 7 days at room temperature. 

Appsiventlj Ascochyta imperf^^^^^ is much more prevalent in the soil 
of long-established stands of alfalfa than in the soil of those recently 
planted, and is most abundant at the one-half -inch depth (Table 2). It 
was isolated occasionally at the 2-inch depth, and, in the older stands, 
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pVllLE 2.— Occurrence and distribiiMon of Ascochyta imverfectn • 

vilted mid uncMlt'vmted soils in Alberta ^ ^ oeitain cultU 


Source of soil 


Crop and history of field 


Number of samples 


Infested ^ , 

Examined with A, 
imperfecta 


Average number of 
colonies per plate 


Alfalfa, 3 years old or older 

Alfalfa, 1 year old 

Cereals, 1st year after alfalfa 
Cereals, 2nd year after alfalfa 
year after alfalfa 

Wheat, various cereals 

Virgin prairie 

Virgin woods 


2 inch 
depth 

0.5 

0.2 


6 inch 
depth 

0.1 

0 


and tliird fe!tf Pl^'^d, but was not obtained the second 

the soil of the ffT- 1 pathogen was not obtained from 

PA,„0«.»,e,rr Oh ASOOCHITA MP..,hC,A ON iOPALFA AND OTHE. DEODMED 

P^i^ogemcity on Stems and Leaves 

three months old were sprayed Plants about 

the pathof-en US') Tn th ^ ^ i 3, spore suspension of 

be«h „„,U «.» M nZ f ‘ 

tairij iugh humidity was maintained within these cages by 

tbe stemy of 


Isolates 


Source 


Number Medicago 
tested sativa 


Eegree of stem infectiona 


Melilotus 


TrifoUum 


Medicago^ roots .. . 
Medicago^ stems 
Mc'dicago^ leaves 

Medimgo^ seed 

Udilotm, roots 

Melilotus, stems ., 
hathyrus, leaves .. 
Soil ,.. 


alia officinalis pratense hybridum 


“ T— trace, S— slight, M— moderate. 


S-M 


T-S 


T-S 

T-S 


S-M 


S-M 


S-M 
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constantly moistening the cheesecloth by means of cloth wicks leading into 
containers of water. After about 2 weeks the pathogen ceased to pro- 
gress, and a final estimation was made of the degree of infection. 

The typical symptoms of black stem and leaf spot were readily induced 
by the methods described, but infection was usually less severe than under 
natural conditions. Pycnidia seldom developed under conditions of arti- 
ficial inoculation, but the pathogen was easily reisolated from the lesions 
on the stems and leaves. 

On alfalfa stems, the isolates tested caused only slight to moderate 
infection (Table 3). The leaves, however, were slightly more susceptible. 
Pour isolates, consisting of 2 from alfalfa stems, one from leaves of Laihyns 
and one from the soil, caused moderate to severe defoliation of the plants. 

A few of these isolates were also tested on other legumes (Table 3). 
A trace to slight infection developed on the stems and leaves of sweet 
clover, mainly in the vicinity of wounds. Some plants of Melilotus alba 
(variety Arctic) appeared to be slightly more susceptible than those of 
M, officinalis (variety Yellow Blossom). There was slight infection of 
the stems and leaves of red clover, and only a trace on alsike clover. Peas 
were not attacked by any of the isolates. These results are in general 
agreement with those reported by previous workers. Sprague (15) ob- 
tained slight infection of Melilotus spp.^ TrifoUum pratense, and T. hy- 
hridum with Ascochyta imperfecta, Toovey, Waterston, and Brooks (17) 
found the pathogen could attack Medicago liipulma, TrifoUum pratense, 
and Vida sativa, hut not T, repens, Y. faba, or Pisum safivum. Medicago 
falcata and M. ruthenica w^ere added to the host range by Peterson and 
Melchers (13). 

With regard to varietal resistance in alfalfa, studies started in the 
field are not yet complete. However, other workers (7, 13, 17) have 
reported differences in varietal reaction, and Koepper (10) has isolated 
a selection of Ladak that is highly resistant to Uromyces striatus and A, 
imperfecta. 

Pathogenicity on Boots 

The pathogenicity of Ascochyta imperfecta to roots of alfalfa and other 
legumes was studied in the field in summer and winter tests. Plants 
about one year old were inoculated by placing cotton pads containing oat- 
hull-soil inoculum against the partially bared tap roots (4). Since pre- 
liminary experiments show^ed that wounding greatly facilitated root in- 
fection by this fungus, the roots were slightly cut prior to inoculation. 
The roots of the iioiainoculated control plants were treated similarly. The 
plants inoculated during the gTowing season w^ere dug up in about 4 weeks, 
but those inoculated in the fall were not examined iintil the following 
spring. The degree of infection of each root was estimated and expressed 
in percentage by means of the disease rating previously described (4). 

Disease symptoms from the fall inoculations of the roots of .alfalfa did 
not appear until the soil thaw^ed out in the spring, and then the rotting 
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was slower than in comparable tests made during the summer. Appar- 
eutb^ this fungus does not attack the roots at near-freezing soil tempera- 
tures, as is the ease with certain low-temperature pathogens in Alberta (5). 
Only a slight to moderate amount of disease occurred at any time and 
the symptoms were similar to those previously described as occurring in 
nature (Fig. 1, E, P). No difficulty -was experienced in reisolating the 
pathogen from the marginal tissues of the root lesions. 

Certain isolates of the pathogen were more virulent than others in 
rotting the roots of alfalfa (Table 4), regardless of whether they were 
from the roots, stems/leaves, or seed of alfalfa, or from other hosts. That 
is to say, there was no evidence of speciheity among the isolates in these 
respects. 

Although the root-rot symptoms w’'ere similar on the various legumes 
(Pig. 1, B, P), Medimgo saMva was usually more severely attacked than 
Melilotus alia (Table 4). The reaction of Medicago falcata, Melilotus 
offioinaMsj and TrifoUum pratense to isolates from alfalfa roots 'was similar 
to that of M. alha. T. hylrklum had a slightly lower disease rating. 

Pathogenicity on Seedlings 

Alfalfa seedlings were readily parasitized by Ascochyta imperfecta 
when naturally infected seeds were germinated on agar or blotting paper. 
The fungus grew out rapidly and either inhibited germination or attacked 
and rotted the young cotyledonary shoots. Healthy seedlings in contact 
with the diseased ones were also killed. Less seedling blight developed 
when the seeds were geminated under more natural conditions in sand 
or soil in the greenhouse. Fewer seedlings Avere attacked and infection 
was confined mainly to dark-brown lesions of varying size (Pig. 1, G). 
These lesions developed chiefly on the roots and hypoeotyls, and to a lesser 
extent on the cotyledons. Severely infected seedlings usually did not 
emerge. Stunted and malformed vseedlings were sometimes produced by 
weak or damaged seeds, but they lacked the distinct lesioning caused by 
the pathogen. When the lesioning was not extensive, the seedlings some- 
times recovered and grew into fairly strong plants. Symptoms similar to 
those just described were produced by artificial inoculation of the seed or 
by infesting the soil with the pathogen, but the damage was usually more 
severe than that arising from naturally infected seed. In both cases the 
pathogen was consistently isolated from the lesioned seedlings. 

The influence of soil temperature and moisture on infection of alfalfa 
seedlings by Ascochyta mperfecta was studied in soihtemperature-control 
tanks. Naturally infested seed was planted in crocks of steam-sterilized 
soil (3 parts of black loam and one part of sand) held at 4 soil temper a- 
tures, each averaging 11 17°, 21°, and 26° C. In one series at each 
temperature the soil was kept dry (approximately 40 per cent m.h.c.), 
and in the other series relatively mo^m^ m.h.c.). At each 

temperature and inoisture, seed treated with Arasan, and untreated, was 
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planted (20 seeds per crock), and in a third set the soil was infested at 
seed level with the pathogen (10 grams of soil inoculum per crock). Emer- 
gence was highest with the treated seed, lowest in infested soil, and inter- 
mediate when untreated seed was planted (Table 5). In the infested soil, 
the percentage of lesioned seedlings decreased with rise in temperature. 
Perver seedlings emerged and more were diseased in the moist soil than in 
the dry soil at all temperatures except 26° C. In the steam-sterilized soil, 
lesioning occurred only on a few seedlings grown from untreated seed at 
11° and 17° G. These results indicate that relatively cool, moist soil is 
most favorable for infection of alfalfa seedlings hy A. imperfecta. 

Ascochyta imperfeeia was the only pathogen isolated from alfalfa seed 


TABLE 5 . — Effect of soil temperature and soil moisture on pre- and post-emergence 
attach of alfalfa seedlings 1)11 Ascochyta imperfecta. {Naturally infected seed from the 
W41 crop treated with Arasan, untreatedj and planted in inf ested soil.) 


Temperature Moisture 


Emergence 


Seedlings diseased 

Seed 

Soil 

infested 

Seed 

Soil 

infested 

Treated 

Untreated 

Treated 

Un- 

treated 



Pet. 

Pet. 

Pet. 

Pet. 

Pet. 

Pet 

11 

Di-y 

68 

56 

47 

0 

2 

7 


Moist 

64 

50 

43 

0 

3 

12 

17 

Dry 

66 

57 

41 

0 

3 

6 


Moist 

60 

54 

36 

0 

3 

8 

21 

Dry 

63 

52 

52 

0 

0 

4 


Moist 

61 

48 

38 

0 

0 

6 

26 

Dry 

68 

64 

50 

0 

0 

0 

«.) 


Moist 

70 

63 

50 

0 

0 

3 

Average 


65.0 

55,5 

44.6 

0 

1.4 

6.1 


(Table 1) which proved parasitic to the seedlings. Stagonospora meliloti 
and Sderotmia sclerotiorum occurred occasionally in the seed samples, bnt 
had 110 apparent effect on germination or gi’owth. Alternaria spp. and 
other fungi and bacteria commonly isolated from the seed also appeared 
to be purely saprophytic. 

seed TREATMENT STUDIES 

The effect of various fungicides on alfalfa seed infected with Asoodigta 
imperfecta was studied in laboratory, greenhouse, and field experiments. 
Treatments were made by thoroughly shaking the seed with a slight excess 
of the chemical dust, which was afterwards screened off. The relative 
efBcien.ey of each treatment in destroying the pathogen was determined 
by plating out 100 seeds of each sample before and after treatment. In 
the greenhouse experiments, five 100-seed replicates of each sample and 
treatment were planted in sand in cardboai'd boxes. Similar experiments 
were conducted in the field in replicated 10-foot rows. Notes on emer- 
fenee and disease development were taken 2 weeks after planting. 
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In tiie greenhouse experiments many samples of alfalfa seed were 
treated with Arasan, New Improved Ceresan (full strength and diluted 
to 1 per cent ethyl mercury phosphate with talc), Semesan, and Spergon. 
The results obtained in a representative test with 3 severely-infected samples 
are given in table 6. All fungicides tested were reasonably effective in 
inhibiting the pathogen, although it was usually isolated from a few seeds 
after treatment with Semesan and Spergon. Also, very few of the seed- 
lings grown from treated seed were parasitized. Full strength New Im- 
proved Geresan (5 per cent ethyl mercury phosphate), however, had an 
injurious effect on germination. Some samples were also slightly injured 
by Semesan and Spergon. With Arasan and diluted New Improved 
Ceresan (1 per cent ethjl mercury phosphate) there was no evidence of 


TABLE 6.~JEf ect of different chemical treatments 07i three samples of alfalfa seed 
naturally infected with Ascochyta imperfecta, (Greenhouse experiment,) 



Seeds 

infeeted'i 

Emergence'^ 

Seedlings 

diseased 

Chemical 

injury 

Treatment 

Sample No. 

Sample No. 

Sample No. 


1 

2 

3 

1 

2 

3 

1 

2 

3 


Tct, 

Pet. 

Pet. 

Pet. 

Pet. 

Pet. Pat. 

Pet. 

Pet. 


Arasan 

. 0 

0 

0 

61.4 

66.2 

60.8 

0 

0 

0 

Trace 

New Improved 











Ceresan, 1 Pet. 1 

0 

1 

60.2 

62.4 

65.0 

0 

0 

0 

Trace 

New Improved 











Ceresan, 5 Pet. 0 

0 

0 

50.2 

54.4 

54.8 

0 

0 

0 

Moderate 

Semesan 

. 3 

6 

1 

55.8 

59.2 

61.0 

1 

2 

0 

Slight 

Spergon 

. 4 

1 

2 

61.0 

60.2 

59.8 

1 

0 

1 

Slight 

Control 











(non-treated) .. 

. 38 

38 

43 

53.2 

51.8 

58.2 

5 

4 

4 



a Based on isolations from 100 seeds of eacli sample. 

h P value for treatments 12.11, 5 per cent point 2.35, 1 per cent point 3.29. Differ- 
ence required for significance (twice S.E. of difeerence) 5.8. 


chemical injiu’y, and emergence in all three samples, when treated, was 
significantly higher than in the nontreated controls. As previously noted 
(Table 5), Arasan also increased the emergence and prevented blight of 
the seedlings under varying conditions of soil temperature and soil moisture. 

In field experiments with a large number of samples the effects of 
seed treatment were much more variable than in the greenhouse. Treat- 
ment with Arasan, New Improved Ceresan, Semesan, and Spergon in- 
creased emergence in some samples but not in others. The beneficial 
effect was not entirely due to control of the pre-emergence blight caused 
by Ascochyia imperfecta, since seed treatment stimulated germination in 
samples containing both high and low pei^centages of infected seed. The 
pathogen apparently caused at least part of the pre-emergence blight that 
oeeurred in some of the nontreated controls, but it did not produce lesions 
on the emerged seedlings in the field. Full strength New Improved Ceresan 
had only a slight detrimental effect on germination in the field, and the 
other treatments a|)X)arently caiised no injury. 
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LONGEVITY OP THE PATHOGEN 

The longevity of Ascocliyta imperfecta in dry steins and leaves of 
alfalfa was studied by isolating at yearly intervals from herbarium speci- 
mens stored at room temperature. Spore and tissue isolations were made 
from each sample. The viability of the spores from the 10 samples of 
stems studied remained high for about 1 years after date of collection, 
after which it decreased rapidly. In 2 samples a few spores were viable 
after 6 years, but none germinated at the end of 7 years. Isolations from 
tissues AVer e made with great difficulty from stems stored 5 years, and 
none were obtained by the end of the sixth year. The pathogen also 
remained viable for about 5 years in the tissues of infected alfalfa leaves. 

In the ease of alfalfa seed, isolations were made at yearly intervals 
from samples naturally infected with Ascochyta imperfecta. These samples 
were stored in seed envelopes at room temperature. The 16 samples har- 
vested in 1941 showed an average infection of the seeds of 25 per cent 
after being stored for one year, 16 per cent after 2 years, and 6 per cent 
after 3 years. However, at the end of 3 years the fungus was not isolated 
from samples which originally contained less than 5 per cent of infected 
seeds. The mo>st severely infected sample contained about 54 per cent of 
infected seeds during the first year of storage, 40 per cent after 2 years, 
and 20 per cent after 3 years. The pathogen remained viable for 3 years 
in 2 out of 4 samples from the 1940 crop, and for 4 years in only one 
of the samples. In the latter sample the original infected seed content 
of about 25 per cent decreased to 2 per cent during the 4-year period. 
In comparison with these results, Crosier (6) found that the number of 
seeds of hairy vetch infected with Ascochyta pisi decreased continuously 
during a storage period of 5 years. Sprague (15), however, isolated this 
pathogen from 9-year-okI seed of Vida faha. Longevity tests on A. im- 
perfecta have apparently not been previously reported, and the present 
studies are being continued. 

TAXONOMY 

Considerable confusion exists in the literature concerning the identity 
of the causal agent of black stem of alfalfa. It was first described as 
Ascochyta imperfecta by Peek (12) in 1911, and this name was recognized 
by Sprague (15) in 1929 in his study of the leguminous Ascoebytae, 
Johnson and Valleau (7), in 1933, however, attributed a similar disease 
of alfalfa in Kentucky to Phoma medicaginis & Roum., and the 

latter name was accepted by Remsberg and Hungerford (14) and other 
wwkers. In 1936, Toovey, Waterston, and Brooks (17), in Britain, made 
a careful study of all available specimens and cultures, including the 
pathogen from Kentucky, and concluded that they all belonged to the 
same species and should be properly referred to as Ascochyta mperfecta 
Peek. These workers suggested that certain other species of Ascochyta , 
Diplodia^ P/toma, and Phyllosticta AeBcvihed on alfalfa in Buroiie might 
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also be identical with A. imperfecta. This name has been used in the 
Canadian plant disease survey reports since 1938 (3), and has now become 
generally recognized in the literature. 

Description of the Alberta Isolates 

Cultures of Ascochyta imperfecta isolated from various hosts and 
sources in Alberta conformed fairly closely to the original species descrip- 
tion by Peck (12), and also fell within the range of the characteristics ‘ 
described by Toovey, Waterston, and Brooks (17). These isolates, however, 
differed markedly from each other in certain cultural characteristics (Pig. 
2, C). The colonies ranged from light grey to dark-brownish grey, usually 
with a characteristic olive tinge. Some isolates grew much more rapidly 
than others, possibly due to different rates of staling. The colony diameter 
of the different isolates ranged from 25 to 65 mm. after incubation for 
7 days at 22° C. Pyenidia varied in number, size, color, and in position 
in the culture. The^^ were usually abundant, but certain isolates char- 
acteristically produced them very sparingly, even when cultured on sweet- 
clover stems or other media particularly favorable for their fruiting. The 
pycnospores were continuous or one-septate, depending on the isolate and 
on cultxiral conditions, and were generally larger than those produced on 
the host. Chlamydospores were very numerous, and a few large, brown- 
ish, one-septate, spore-like bodies sometimes occurred at the surface of the 
medium. The white crystal aggregates described by other workers (7, 17) 
were produced in the medium in varying numbers by different isolates. 

Variants frequently occurred in the form of sectors or patches in test- 
tube and plate cultures (Pig. 2, C). These variants differed from the 
parent culture in color, gTowth rate, and pycnidial production. It is pos- 
sible that variants of this fungus also occur commonly in nature, which 
would account for many of the differences observed between isolates. 

There was no evidence of any relationship between the cultural char- 
acteristics of an isolate and its source. Por example, the full range of 
characteristics described occurred among the isolates from both stems and 
roots of alfalfa. The composition of the medium as well as various en- 
vironmental conditions had a maidxed influence on the cultural behavior of 
the fungus, but, in general, they did not mask the differences between 
isolates. 

In temperature studies, most of the Alberta isolates of Ascochyta im- 
perfecta grew best at 20°~22° C., which is in close agreement with the results 
of Peterson and Melchers (13). Pyenidia and spores generally developed 
most rapidly at about 17° C. At 5° G. growth was relatively slow and 
sparse, but the pyenidia were eventually as numerous as at higher tem- 
peratures. When cultured on sweet-clover stems, most isolates produced 
numerous pyenidia and caused a blackening of the stems that was par- 
tieixlarly evident at 17° C. 
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The Perfect Stage 

Over 50 samples of overwintered stems of alfalfa collected in different 
sections of Alberta were examined in an effort to find the perfect stage 
of Ascochyta imperfecta. Also, several nnsiiccessfnl attempts were made 
to indnce perithecial development by subjecting infected stems and cnltnres 
to varying conditions of temperature, moisture, and light. 

Perithecia of Leptosphaeria, Mycosphaerella^ Pleospora^ and other fungi 
were not infrequently found in association with the pycnidia of Ascochyta 
imperfecta on the overwintered steins. No attempt was made to identify 
most of these fungi, since cultural tests indicated that they had no genetic 
connection with the pathogen. However, a special study was made of a 
species of Pleospora found on 3 of the overwdntered samples. This fungus 
corresponded very closely to the description of P. rehmiana (Staritz) Sacc., 
reported by Kemsberg and Hungerford (14) as the perfect stage of the 
black->stem pathogen {Phoma medicagims Malbr. and Roum.) in Idaho. 
As mentioned above, this fungus is now considered identical with A. im- 
perfecta, These workers found perithecia of P. rehmiana on old stems 
of alfalfa, and in sweehelover-stem cultures of the pathogen held for 3 
months at C. They stated that the original single-ascospore isolates 
were somewhat different from single-spore isolates of the pathogen, but 
that typical pycnidia and pyenospores developed after culture on sweet- 
clover stems. Single-ascospore isolates from perithecia on Alberta speci- 
mens, however, developed into cultures unlike those of A. imperfecta. These 
isolates also retained their identity and failed to produce pycnidia or 
pyenospores under a wide range of conditions, which included culture for 
several months on sweet-clover stems at 0°-25° C. Perithecia, asci, and 
aseospores, closely resembling those found in nature, eventually developed 
in sweet-clover-stem cultures held at 0^ to 18° C. 

The Alberta isolates of the Pleospora rehmiana-like fungus also failed 
to attack the stems and leaves of alfalfa in several inoculation experi- 
ments. They caused very slight infection of alfalfa and sweet-clover roots, 
and the original fungus was reisolated from the lesions. 

Prom this evidence it is concluded that the Pleospora sp. resembling 
P. rehmiana^ oeeasionally found on overwintered stems of alfalfa in Al- 
berta, has no connection with Aseochyta imperfecta. Johnson and Valleau 
(7) wei*e also unable to establish a genetic connection hetween Pleospora 
and the black-stem pathogen in Kentucky. 

DISCUSSION 

Present evidence indicates that Ascochyta imperfecta is primarily a 
parasite of the stems and leaves of alfalfa, and is of doubtful importance 
on other natarally infected hosts. Although able to cause root rot of 
iegiimes under experimental conditions, it usually occurs in nature in 
root lesions produced by other fungi. Por this reason it is regarded as of 
less importance in Alberta than any of the root-rotting pathogens pre- 
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Yioiisly reported (5). However, there are indications that it may increase 
the root damage started in the early spring by the low-temp eratnre fungi 
with which it is usually associated. Infection of alfalfa seedlings by 
A, imperfecta is also of relatively minor importance under average field 
conditions in Alberta. Pre-emergence attack, however, sometimes results 
in lowered seed vitality, and this aspect requires further study. 

Diseased alfalfa stems, on which numerous pycnidia of Ascochyta im- 
perfecta develop in the late fall, are undoubtedly the most important 
source of inoculum. Under moist conditions in the spring the spores exude 
from these pycnidia and are readily disseminated by rain drops to start a 
new cycle of infection on the young growth. The frequent occurrence of 
A. imperfecta in lesions at or near the crowns suggests that infected crop 
residue decaying near the surface is also the source of inoculum for alfalfa 
roots. It is natural that as alfalfa stands become older and plant debris 
accumulates, the pathogen increases in abundance in the surface soil and 
may also spread downward to a limited extent. Apparently it is unable 
to persist very long in the soil after alfalfa has been plowed, which indicates 
the value of crop rotation. However, it may remain viable for at least 5 
years on dried stems and leaves of alfalfa, and for about 3 years on the 
seed. This suggests that the hay, meal, and seed obtained from infected 
alfalfa stands may harbor the fungus and aid in its dissemination. In- 
fected seed, in particular, may serve to introduce the pathogen into areas 
or fields where it is not already present. Hence, it is possible that the 
distribution of infected seed may be partly responsible for the general 
prevalence of stem and leaf infection by A. imperfecta in alfalfa stands 
of all ages. 

As suggested by Allison and Torrie (1), the chemical treatment of 
alfalfa seed requires much further study before it can be recommended as 
a g-eneral practice. The effect of fungicides on seed germination and on 
the nodule-producing bacteria are factors that must be considered. In 
Alberta, seedling blight of alfalfa caused by Ascochyta imperfecta or other 
seed- and soil-borne pathogens does not yet seem of sufficient impoi'tance 
to warrant general seed treatment. Further investigation is required, how- 
ever, to determine the possible value of testing alfalfa seed for the presence 
of A. imperfecta, and of treating heavily-infected samples in order to re- 
duce the spread of the pathogen. 

SUMMARY 

In field, greenhouse, and laboratory studies, Ascochyta imperfecta, the 
fungus causing black stem of alfalfa, parasitized the roots of alfalfa and 
other legumes, and also seedlings of alfalfa, and it was both seed- and 
soil-borne. 

Medicago sativa was more susceptible to stem, leaf, and root infection 
than any other host studied. Melilohis sp2^. n,nd Trifolium pratense were 
slightly susceptible, and T. hyhridiim rather resistant. Occasionally the 
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patliogeii was isolated from stems of Yicia americma and leaves of Lathyrus 
spp. 

Cool, moist conditions -were most favorable for disease development on 
stems, leaves, and seedlings of alfalfa. The pathogen did not attack the 
roots of dormant plants at soil temperatures near freezing. 

The degrees of seed and stem infection were directly correlated. 
Ascochyta imperfecta was isolated from as much as 40 per cent of the 
seeds of 49 out of 97 random samples of alfalfa seed. New Improved 
Ceresan, diluted to one per cent ethyl mercury phosphate, and Arasan were 
more eifeetive than other seed treatments tested. 

The fungus was prevalent in the surface soil of alfalfa fields, but dis- 
appeared 2 years after the sod was plowed. Moreover, it was not isolated 
from the soil of cereal rotations, virgin prairie, or virgin woods. It persisted 
on dry stems and leaves of alfalfa for at least 5 years, and on alfalfa seed 
for about 3 years. 

There was no evidence of host specificity, since isolates of Ascochyta 
imperfecta, obtained from various hosts, different paints of the same host, 
and from soil, exhibited similar differences in virulence and cultural char- 
acteristics. 

Various Ascomycetes, including a Fleospora closely resembling P. 
rehmiana, were found associated with the pyenidia of A. imperfecta on 
overwintered stems of alfalfa, but, in no case was proof of a genetic con- 
nection established. 

The writer is indebted to Dr, G. B. Sanford, Pathologist-in-Charge, 
Dominion Laboratory of Plant Pathology, Edmonton, Alberta, for helpful 
advice throughout this investigation. 

Dominion Laboratory op Plant Pathology, 

Edmonton, Alberta, Canada. 
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AMEEIGAN FHYTOPATHOLOGICAL SOCIETY 
194-0 Meeting Canceled 

The Office of Defense Transportation has announced that travel restric- 
tions will not be lifted for several months after official declaration of the end 
of the war. For this reason the Coniicil voted that it was inadvisable to 
hold the 1945 meeting, scheduled for December 10-12, m Cincinnati, Ohio. 


WILDFIRE DISEASE OF SOYBEANS^ 

WILLIAM B.AIjLINGTON2 

(Accepted for publication dune 10, 1945) 

INTRODUCTION AND REVIEW OF LITERATURE 

An intensive soybean disease survey was made by the United States 
Eegional Soybean Laboratory in the summer of 1943, covering many of the 
heavy producing areas. Of particular interest was a disease identified UvS 
wildfire, caused by Pseudomonas talaci (Wolf and Foster) Stapp. 

Three references in the literature report soybeans {Soja mao? Piper) 
susceptible to this parasite when artificially inoculated (1, 8, 10) . In one 
instance attempts to re-isolate the organism and establish definite proof of 
pathogenicity were not reported (8). Yallem. et al. (10) have reported ten 
successful passages of the organism in soybeans growing in the greenhouse. 
To the writer’s knowledge, however, the disease has not been previously 
recognized to cause extensive damage to soybeans in the field. The total 
damage observed in 1943 and 1944 was not significant. However, in indi- 
vidual fields, damage was severe enough to make evident the potentialities 
of this disease on soybeans and to emphasize the need for careful study. 

SYMPTOMS 

Symptoms are so characteristic that this criterion alone is usually suffi- 
cient for identification of wildfire. The necrotic spots on the leaves are 
variable in size and are nearly always surrounded by a striking wide yellow 
halo (Pig. 1) . At times the halo, as on tobacco, may be rather indistinct. 
This condition is thought to be the result of rapid invasion by the bacteria 
to cause a breakdown of the tissue before the chlorophyll-destroying exotoxin 
has had time to destroy the chlorophyll. In such instances the necrotic 
spot is dark brown to black as contrasted to the usual light brown. The 
lesions, in suitable damp weather, tend to enlarge and coalesce, and even- 
tually they involve large areas of the leaf. Defoliation, starting on the 
lower leaves, is common and under certain conditions may progress until few 
leaves remain. So far as is known the infection on soybean is confined to 
the leaves. 

The infection in most fields is Usually limited to definite areas, which 
may be a few feet in diameter or several acres. Pew fields have been ob- 
served to be uniformly infected throughout. This is thought to be partly 
due to variation in environmental factors such as soil fertility and drainage. 

1 A publication by tlie U. S. Eegional Soybean Laboratory, a cooperative organization 
participated in by the Bureau of Plant Industry, Soils, and Agricultural Engineering, 
Agricultural Eesearch Administration ; and the Agricultural Experiment Stations of 
Alabama, ArkansaSj Florida, Georgia, Illinois, Indiana, Iowa, Kansas, Louisiana, Michi- 
gan, Minnesota, Mississippi, Missouri, Nebraska, North Carolina, North Dakota, Ohio, 
Oklahoma, South Carolina, South Dakota, Tennessee, Texas, Yirginia, and Wisconsin. 

2 Associate Pathologist, U. S. Eegional Soybean Laboratory, XJrbana, Illinois. 
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OCCUBSENCB AND DISTEIBUTION 



Wildfire -vvas observed in all tbe major soybean-producing areas, except 
possibly North Carolina, in 1943 or 1944. The first specimen to come to the 
writer’s attention was collected in northern Mississippi in July, 1943. in 
early August, 1943, severe infections were found in Arkansas, Tennessee 
Alabama, and Georgia. In late August and early September of the same 
year, infection was observed in Iowa, Illinois, Indiana, and Ohio. In 1944 
the disease was reported on soybeans from most of tbA Mn-p+n qp/i 


typical wildfire on soybean from natural infection in the field The striMnc 
of necrotic areas”** “eerotie spots is the chief distinguishing feature. Note coalescencf 


Central States.^ Extensive infection in 1943 and 1944 was rare before 

August, but It IS not known whether wildfire is typically a late season dis- 
■ease on soybeans. 

The most extensive infection observed to date over a wide area was in 
central Iowa m August, 1944, Wildfire is not known definitely to have 
oecurred on soybeans before 1943, but it probably has been present in iso- 
areas or severa years. Definite increase in the disease on soybeans 
over the country has been observed in the last two years. Should this con- 
tmue, it may well be a menace to tbe soybean crop. 
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THE CAUSAL ORGANISH 

Extensive tests have been made with the soybean wildfire organism to 
compare it with the tobacco wildfire bacterium. Studies of their morpho- 
logical, physiological, serological, and pathological characteristics are here 
reported. 

Morphology and Physiology, — Six isolates of the soybean wildfire organ- 
ism were compared in pure culture with two isolates of Pseudomonas iabaei 
(Wolf and Poster) Stapp obtained from other laboratories. The cultural 
differences within each group were as great as the differences between the 
groups. 

The soybean wildfire organism is a white, Gram-negative rod, 0.86 x 3.0 p, 
motile by 1-5 polar and bipolar flagella. Spores are absent. The colony 
type is indistinguishable from Pseudomonas ialaci on potato-dextrose agar 
at pH 7.0. Spontaneous dissociation into rough and smooth colonies was 
frequent on the various culture media. 

The soybean wildfire organism liquefied gelatin readily. Litmus milk 
was turned blue in 4 days, the litmus being eventually reduced with coagula- 
tion. Hydrogen sulphide was not produced in peptone broth. Indole was 
not produced in broth containing tryptophane (Gore method). Starch was 
not hydrolyzed. Green fluorescence was commonly observed on a variety 
of liquid media. 

No definite differences were found between the soybean isolates and the 
tobacco isolates in their ability to utilize the following carbon and nitrogen 
sources : lactose, levulose, inulin, mannite, maltose, glycerol, l-arabinose, 
1-xylose, d-galactose, dextrose, sucrose, ammonium sulphate, potassium 
nitrate, potassium nitrite, 1-cystine, glycine, succinimide, acetamide, and 
urea. The results were in substantial agreement with those reported by 
Braun (2). Slight variation was observed in the ability of the isolates to 
utilize these compounds. However, the difference between the soybean 
isolates and the tobacco isolates was not greater than the differences within 
each group. 

Serology, — The agglutination and agglutinin absorption tests were used 
to further test the relationship of the soybean and tobacco wildfire organ- 
isms. The agglutinin absorption test is considered by many to be the most 
accurate test for the identity of organisms. However, it may be preferable 
to use these tests in conjunction with the others reported, and to draw con- 
clusions in regard to relationships from the general results produced. Bac- 
teria are known to undergo changes, in pure culture at least, which can 
influence the investigator to such an extent that he. may be led to create 
new species or varieties or eliminate species and varieties unwisely, unless he 
has sufficient information of various types upon which to base his judgment. 

The serological relationships of four soybean isolates and two tobacco 
isolates were compared. Isolates SI, S2, and S6 originated from diseased 
soybeans from central Illinois, while S7 was isolated from diseased soybeans 
from Alabama. Tobacco isolates TIO and Til were obtained from the Divi- 
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sion of Tobacco Investigations, U. S. Department of Agriculture. Cultures 
were from single colonies but were not single-celled. Their pathogenicity 
was established and checked periodically during the experiment and they 
were always highly pathogenic to both soybeans and tobacco. Only the 
“smooth” forms of the cultures were used for injections. 

Rabbits” were used for the production of the immune sera. Before the 
first injections the normal sera from these animals were tested and found 
to be void of normal agglutinins for the organisms studied. The bacterial 
cultures used for the immunization of the rabbits and the serological tests 
were grown for 24 hours on potato-glucose agar. Srrspensions of the bac- 
teria for injection into the animals were made in 0.85 per cent NaCl solution 
and filtered through sterile filter paper. The turbidity was standardized 
to conceal a 2-mm. loop made of No. 26 B. & S. gauge wire at a depth of 
12 mm. 

TABLE 1 . — Besidts of agglutination tests with sera from ra'b'hits injected with 4 
isolates of soybean wildfire bacteria and two isolates of tobacco wildfire bacteTia, iPseudo- 
monas tabaei {Wolf Foster) Stapp 


Maximum dilution at whiclx agglutination occurred 


Antiseraa 



Isolate 





SI 

S2 

S6 

S7 

TIO 

Til 

SI 

1280 

1280 

2560 

2560 

2560 

1280 

S2 

1380 

.1280 

2560 

2560 

1280 

1280 

86 

2560 

1280 

1280 

2560 

640 

640 

S7 

2560 

1280 

1280 

2560 

640 

1280 

TIO 

1280 

1280 

1280 

1280 

1280 

1280 

Til 

2560 

2560 

2560 

2560 

2560 

1280 

Normal serum 

0 

0 

0 

0 

0 

0 


a Antisera SI, S2, S6, S7 obtained from rabbits inoculated witli soybean wildfire 
isolates. Antisera TIO and Til from rabbits inoculated with two tobacco wildfire iso- 
lates. Homologous antisera and isolates bear the same numbers. 

The rabbits received 7 iiitraveiious injections, at intervals of 4 to 5 days. 
The amount of each injection was, respectively : 0.5 cc., 1 ce., 1.5 cc., 2.0 ce., 
2.5 ce., 3.0 cc., and 4.0 cc. Ten days after the last injection, the rabbits 
were bled from the ear vein. 

The resnlts of the macroscopic agglutination tests are in table 1. Al- 
though the titre of the sera are slightly low, the data indicate the close rela- 
ionship between the isolates from soybean and those from tobacco, and one 
cannot differentiate them by this test. 

The agglntinin absorption test was made with the same antisera as the 
^^^iiitination tests. The minimnni absorbing dose of antigen was deter- 
mined for each serum with its homologous organism. Bacteria were sus- 
pended in a phenolized saline solution (0.5 per cent phenol) which was 
adjusted to different densities varying from 3,0 to 8.0 on the McFarland 
nephelometer scale. One part of nondiluted antiserum was added to 39 
parts of each of the suspensions, giving a serum dilution of 1-40 in each 
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case. The tubes were incubated at 37° C. for 2 hours, centrifuged, and the 
clear snpernatant liquid removed to clean, sterile, centrifuge tubes. Bac- 
teria from the packed centrifuge sediment of a broth culture were added 
to produce again the original turbidity in each tube. The tubes were again 
incubated at 37° C. for 2 hours, centrifuged, the clear supernatant liquid 
removed and reabsorbed with bacteria. After a subsequent 2-hr. incubation 
at 37° C. they were placed in the refrigerator over night. The following 
morning, they were centrifuged and the supernatant was used for agglutina- 
tion tests with the homologous organisms, with antiserum dilutions through 

TABLE 2. — JS.esults of agglutinin adsorption tests with cultures of two soydean 
wildfire isolates and cultures of two todacco wildfire isolates 


Antiseraa 


Absorbing 

antigen 


Maximum dilution at wliicli agglutination occurred 
Isolate 


S7 


TIO 


Til 


S6 


S7 


TIO 


Til 


S6 

87 

TIO 

Til 

86 

87 

TIO 

Til 

86 

87 

TIO 

Til 

86 

87 

TlO 

Til 


160 


320 


320 

80 


160 


a Antisera 86 and 87 obtained from rabbits inoculated with soybean wildfire isolates. 
Sera TIO and Til from rabbits inoculated with two tobacco wildfire isolates. Homolo- 
gous antisera and isolates bear the same numbers. 

640. The lowest turbidity to have completely absorbed the agglutinins was 
considered the minimum absorbing dose for that sei’um. By using suspen- 
sions about four times as heavy as the minimum absorbing dose, portions 
of each antiserum were absoi’bed with one of the six cultures. Each ab- 
sorbed antiserum then was tested for agglutinins for all six isolates. The 
results of the tests are in table 2. 

In most cases reciprocal agglutinin absorption occurred. It is believed 
that the five positive tests in table 2 are due to inherent variations in the 
method and are of no consequence, especially since there is no consistency. 
If these results do indicate differences in the organisms studied, one can 
safely say that the difference between the two tobacco isolates is as great as 
between the soybean and tobacco isolates. 


862 


Phytopathology 


[VoL. 35 


Pathogenicity . — In view of the recent work on the relationship of water- 
soaking of tissue to infection by bacteria, caution should be exercised in the 
interpretation of data in regard to pathogenicity. This subject will be dis- 
cussed later in the paper. The soybean wildfire isolates were introduced 
into watersoaked leaf tissue of tobacco or soybean in order to obtain infec- 
tion. Practically no infection results with these or with the tobacco isolates 
without some degree of watersoaking. Figure 2 shows infection on tobacco 
with the soybean and tobacco isolates. After the development of typical 
wildfire symptoms on soybean and tobacco plants, portions of the infected 
tissue were macerated, diluted, and plated out on potato-dextrose agar at 
pH 7.0. The organism was readily reisolated. Subsequent passages and 
the number of bacteria obtained from the lesions left no doubt as to the 
causal agent. 









Pig. 2. A. 'Wildfire lesion on tobacco caused by an isolate from soybean. B. Wild- 
fire lesion on tobacco caused by an isolate from tobacco. Tobacco was artificially inocu- 
lated by atomizing. Pundamentally, no differences existed between the isolates. 


The virulence of the wildfire isolates on tobacco has been reported to 
vary greatly, and the soybean isolates were no exception in this respect. 
The ability of this parasite to kill tissue and to produce the powerful chloro- 
phyll destroying exotoxin so characteristic of the organism varied exten- 
sively with the different isolates. 

The exotoxiu is produced abundantly in pure culture, and by heating 
as well as by filtration the organism was separated from it. The exotoxin 
was tested several times on living plants in the greenhouse and found to be 
active when introduced into leaves by the needle prick method. 

Extensive inoculation tests in the greenhouse and field for two years 
have failed to disclose any difference in symptoms produced by the soybean 
and tobacco wildfire isolates. 


THE INFECTION PROCESS 

A new and not too generally recognized aspect of infection by leaf -spot 
bacteria, i.e., the role of watersoaked tissues, has been studied and reported 
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on by a relatively few investigators (3, 6, 10) . Tbe writer bas found water- 
soaking of great consequence in the penetration of soybean leaves by Psettdo- 
moms iabaci. 

Soybean leaves become watersoaked in the field either by a beating rain 
or by internal physiological phenomena. Often this watersoaking is of lim- 
ited.extent and of short duration, and can easily pass unnoticed. Diachun 
et ah (5) have described the manner in which liquids, containing chemicals, 
ink, etc., penetrate watersoaked tobacco leaves. Approximately the same 
experiment was performed with soybeans. Three methods of artificially 
watersoaking soybean leaves were employed in this study with the aim of 
simulating physiologic and storm watersoaking. Obviously natural condi- 
tions cannot be duplicated exactly but it is hoped that the methods, mate- 
rials, and results reported here will suffice to demonstrate the writer’s views 
on the infection phenomena as they occur in nature. 

Two methods have been employed to watersoak leaf tissue experimentally 
without beating the water against the epidermis as occurs in heavy rains. 
One is the hypodermic needle method (Fig. 4, C). Water can readily be 
injected into the intercellular spaces by inserting the needle near a vein 
on the lower leaf surface. The other method is the insertion of the cut stem 
of the plant into a water-tight connection and its subjection to high water 
pressure as described by Johnson (6). Both methods produce a physio- 
logic watersoaking similar to the type occurring in the field in the absence 
of beating rain. 

Watersoaked tissue will absorb a liquid from the surface of the leaf 
very readily when a junction is established between the intercellular 
and the external liquid (Fig. 3). Penetration and dispersion within 
the watersoaked area of the leaf is very rapid, usually requiring only a few 
seconds. The forces operating to pull the liquid into the leaf are unknown 
but appear to be related to capillarity. Liquid junctions, resulting in bac- 
terial penetration apparently are not so common in this type of water- 
soaking as in the storm type. Without mechanical injury, drops of bacterial 
suspension or other liquids may stand indefinitely on a physiologically 
watersoaked area without penetration occurring (Fig. 4, A and B). If the 
water by the application of internal pressure has been forced out through 
the stomata or old wounds in the leaf then penetration is immediate. This 
rarely is observed in nature. On healthy soybeans in the field, physiological 
watersoaking is usually confined to the base of the leaflet at the point of 
attachment. It may be observed early in the morning, during the growing 
season, especially if heavy dew is present. However, in severe epidemics 
of wildfire, only a few of the leaves may have characteristic infections at the 
base where this watersoaking has occurred. It is doubtful, therefore, if this 
type of watersoaking is of much consequence as far as initial infection of 
soybeans is concerned. Johnson (7), working with tobacco, has concluded 
that this type of watersoaking is very important in initial infection, and 
that prolonged periods of watersoaking are essential for the production of 
large lesions. 



rh” "j 
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Beating rains are observed to be closely connected with wildfire epidem- 
ics on soybeans. Under these circumstances, the liquid junction is auto- 
matically made between intercellular and surface water when the water is 
driven into the leaf. Figure 4, A and B, demonstrates how^ the two types of 
watersoaking respond when India ink is placed over the watersoaked area 
when care is taken not to puncture the epidermis with sharp instruments. 
When watersoaking occurs, there may or may not be mechanical injury to 
the tissues. Observations have indicated that the condition of the plant is 
an extremely important factor in regard to the amount of infection. For 


Pig. 4. Soybean leaves illustrating various xelationsbips of watersoaking to infection 
and development of wildfire. A. A small area was watersoaked by atomizing water 
against tbe lower sxirfaee. India ink was then placed over the watersoaked tissue for five 
minutes as well as over the non-watersoaked tissue on the opi)osite side of the leaf, then 
gently washed Penetration of ink can only be observed where watersoaking existed. 
B. Leaf previously watersoaked by water pressure from water line through cut stem. 
India ink was placed over the watersoaked areas on this leaf, as in A, for five minutes, 
ISfo penetration can be observed. C. Method of watei-soaking leaf tissues by use of the 
hypodermic needle. D and E. Wildfire lesions on the same leaf. E was photographed 
five days later than D. Inoculation was made by atomizing the bacterial suspension 
against the lower surface where the infected areas developed- One week after inoculation, 
the area indicated by the arrow in D was watersoaked as illustrated, by atomizing sterile 
water. Pive days later, as shown in E, the lesion occupied part of this previously water- 
soaked area (arrow in E). Watersoaking persisted thirty minutes. Note similarity of 
the lesion on the left in I) and E, ' 


example, the condition of the stomata is important as shown by Diachun (4) 
with tobacco. One year’s field, trials indicate that soybeans sprayed with 
bacterial suspensions with a power sprayer are apt to have greater infection 
if sprayed during the bright sunshine than if sprayed just before daylight 
or at dusk in the evening. In this connection, it is interesting that at cer- 
tain times, for example at night, when the stomata on soybeans are closed, 
storm watersoaking is difficult to produce artificially, yet it is easy in the 
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daytime. It would appear therefore that the water is driven in through 
the stomata, and it is only logical to conclude that bacteria penetrate mainly 
by the same route. On the other hand, physiologic watersoaking occurs on 
soybeans primarily at night or on extremely dark days, and extensive pene- 
tration through stomata in this ease would be difficult to explain. 

The spread of bacteria through leaf tissue is greatly enhanced by water 
soaking, as one might conclude from the behavior of ink in watersoaked 
tissue (Pig. 4, A). This is evident as shown in figure 4, D and E, which 
filustrates the result of an experiment repeated many times. A leaf was 
inoculated with a very dilute suspension of wildfire bacteria from a culture 
24 hours old. The suspension under considerable pressure was atomized 
over a small area, thereby watersoaking the tissue in that area and assuring 
good pehetration. One week after inoculation typical wildfire lesions ap- 
peared on the leaf, as in figure 4, D. At this time normal tissue adjacent to 
one of the lesions was watersoaked by atomizing sterile water against the 
leaf at high pressure. This was done in sunlight and the plant was never 
removed from the greenhouse bench. Watersoaking persisted for less than 
30 minutes. The leaf was rephotographed after 5 days and appeared as in 
figure 4, E. The bacteria had penetrated the watersoaked tissue in a very 
short time and the result was an increase in the size of the necrotic spot with 
a definite zonation at the margin of the old lesion. The lesion that had not 

received a second watersoaking remained substantially the same, except 
ttat slight intensification and growth of the halo was evident after 5 days 

been observed to operate in a manner very 
milar to this. Likewise, water from dew absorbed at the margin of static 
lesions, may cause a very narrow ring of watersoaking and enhance the sub 
sequent spread of bacteria within the normal tissuefthe results rfactit 
tion and growth within the lesion, and at times concentric rings are forLd 
Penetration and dispersion of the bacteria in watersoaked leaf tissue is 
iS'wal^ the experimental results obtained, pro- 

penetetion establishment of infection aLr 

present in leaf tissue held under various conditions. Soybean leaves were 
ompletely watersoaked by directing an atomizer, with sterna 

ffie pllnt were^wd ^ comparable age and position on 

toe plant were used as non-watersoaked checks. A very dilute suspension 

aT.™le‘to“ 'r/ 

mme m a sterj, 60tl-ee. beaker. The watersoaked and non-watersoaked 

isrwrearjttr^T ‘w* 

J exposed to the air for 3 minutes. They were then washed 8_in 

eTwM S ItTb"! tvatersoaied 

h^™S/“e «l>-«ber, the other 

peared At this time +h '•iWil the watersoaking disap- 

P ared. At this time, the non-watersoaked leaf and the half leaf which had 



1945] 


Allington: Wildfire Disease of Soybean* 


867 


recovered from watersoaking were placed beside the continuously water- 
soaked leaf between the blotters in a moist chamber. The leaves were sub- 
jected to identical conditions except for the watersoaking. After one hour; 
10 discs cut at random from each leaf with a sterile cork borer of 6 mm. 
diameter were completely macerated in 10 ec. sterile water, and adequate 
dilution was made to facilitate counting of colonies on plates containing 1 
cc. of suspension. 

The results as shown in table 3 illustrate several facts concerning the 
role of watersoaking. Obviously penetration was greatly dependent upon 
watersoaking. The rate of multiplication of the bacteria was greatest 
within the continuously watersoaked tissue. However, the tissue which was 


TABLE 3. — The effect of watersoaking on penetration and the subsequent growth 
by wildfire bacteria 


Exp. No. 

Average number bacteria 
per disc in 10 leaf discs 
from non-water- 
soaked leaves 

Average number bacteria per disc in 

10 leaf discs from water- 
soaked leaves 

After 

After 

After 

After 24 hours 


1 hr. 

24 lirs. 

1 br. 

Watersoaked 

1 lir. 

Watersoaked 

24 hrs. 

1 

3.2 

0.0 

19.6 

29700.0 

13900.0 

■ 2 

1.0 

20,5 

120.6 

5781.0 

31700.0 

3 

0.0 

0.2 

12.0 

200.0 

950.0 

4 

50.0 

58.0 

208.0 

42476.0 

56175.0 

a 

5.1 

23.3 

579.0 

180,0 

2488.0 

6 

2.5 

0.9 

16.5 

120.0 

5750.0 

7 

0.0 

0.0 

27.8 

2045.0 

4844.0 

Ave. 

8.8 

14.7 

140.5 

11643.1 

16543.8 


watersoaked only during the time of inoculation also supported rapid multi- 
plication. There is so much variability in the results that it is questionable 
whether this difference with duration of watersoaking is significant. Dur- 
ing the time the leaves were recovering from watersoaking, occasionally cer- 
tain leaves lost more water than others, as judged by appearance. This may 
be a factor in the variability encountered. It appears that watersoaked or 
previously watersoaked tissue might be a more favorable place for bacterial 
growth than tissue that never has been watersoaked. The general averages 
would indicate approximately one generation in 24 hours in the tissue which 
never had been watersoaked, as contrasted to between 7 and ,8 generations 
in the tissue previously watersoaked. Considerably more study is necessary 
to definitely establish this fact. 

DISCUSSION 

The common occurrence of wildfire on soybeans in the last two years 
raises many questions in regard to its origin and dissemination. Its occur- 
rence on soybeans never has been reported to be connected with tobacco cul- 
ture. Three fundamentally different explanations have been advanced to 
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account for the source of wildfire inoculum for tobacco each year. These 1 

explanations are that the inoculum comes primarily from the following : j 

first, the previous yearns infected refuse or seed ; second, from the soil where I 

the organism has been found to grow epiphytically upon many crop plant i 

roots in addition to lying dormant in the infected refuse or seed (10) ; and i 

third, from the soil where the organism exists primarily as the common soil 
saprophyte Pseudomonus fluorescensj mutating or changing suddenly in 
some manner to become parasitic and to possess all the properties of P5. \ 

tabaci (9). With regard to soybeans the second explanation seems to be 
the most plausible with the exception of seed transmission. No infection 
on soybean seed or pods has been observed and no instance of suspected seed 
transmission has, as yet, been reported. 

The incidence of wildfire in isolated spots in large soybean fields, hun- 
dreds of miles away from any tobacco growing areas, immediately implies 
some origin other than previous crops of tobacco. Perhaps the explanation 
advanced by Valleau et al. (10) for tobacco wildfire, that is, epiphytic 
growth on various plant roots, could apply to the disease on soybeans. The 
hypothesis concerning the possible relation to Pseudomonas fittorescens 
would explain its occurrence,- however, it is considered unlikely that the 
soil saprophyte can readily change to a parasite as virulent as Ps, tabaci. 

Until further research has been done no control measures can be recom- 
mended. The search for resistant varieties has progressed only one year ' 

and resistance has not yet been found. 

The serological and pathological results obtained indicate that variability 
exists in the wildfire organism. However, since this is observed within the 
group of isolates from soybean and within the group from tobacco, it is 
reasonable to conclude that the two groups are not sufficiently different for 
specific or varietal differentiation. 

The discovery of the invasion of watersoaked tissue by pathogenic bac- 
teria (3) explained many phenomena in regard to bacterial leaf spots here- 
tofore unaccounted for. A common misconception, however, has been that 
the tissues concerned must remain watersoaked for several hours. This is 
not the commonly observed fact in nature and has perhaps delayed the 
general aeeeptanee of the importance of watersoaked tissue. The impor- 
tance of physiologic watersoaking on large soybean plants in the field is 
questionable in so far as it concerns initial infection. On the other hand, 
the beating of rain on the leaves when the stomata are open, sometimes 
causes extensive watersoaking which may be followed by severe epidemics 
of wildfire. 

SUMMARY 

Wildfire, caused by Pseudomonu^ tabac% is common on soybeans in most 
of the commercial soybean growing areas of the United States. The damage 
in isolated areas is severe* Morphologically, physiologically, serologically, 
and pathologically the organism isolated from soybeans does not differ from 
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isolates of Ps: iahaci from tobacco, and the two diseases are considered to be 
caused by the same org’anism. Watersoaking of soybean leaf tissue greatly 
enhances penetration of the leaves by Ps. tabaci and spread of the bacteria 
through the tissue. Physiologic watersoaking was not so effective as storm 
watersoaking in bringing about penetration. Prolonged watersoaking was 
not necessary for the growth or dispersion of bacteria within the tissues. 
U. S. Regional Soybean Laboratory, 

Urbana, Illinois. 
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LEAPHOPPER OVIPOSITION, THE CAUSE OP ONE PORM 
OP APPLE MEASLES" 

John 0. Dxjnegan and Dwight Iselys 
(Accepted for publication June 5, 1945) 

INTRODUCTION 

In 1912 Hewitt and Trnax (5) reported tlie occurrence in nortkwest 
Arkansas of an apple bark disease wMch they named “measles.’’ This dis- 
ease had two distinct forms, the pustular type and the scurfy type. As no 
pathogenic fungus or bacterium was isolated from the affected tissues they 
considered the disease a physiological trouble. 

In the pustular type, which they found to be the more prevalent form, 
the disease first appeared as “ . . . scattered red ,pyenidia-like pustules on 
the young smooth bark. . . . ” As the disease progressed the pustules 
became very numerous and the bark appeared very rough. 

A histological study of these pustules revealed that “ . . . .they seemed 
to burrow into the sound tissue underlying them . . . ” to varying depths 
depending upon the age of the pustule. The entire pustule appeared to be 
“ . . . a mass of cork cells with the whole cell nearly filled with some sub- 
stance which is yellowish brown ...” while “ . . . in the older pustules 
the tissue in the middle is disorganized leaving a hollow core. ...” 

In contrast to these pronounced histological changes asosciated with the 
pustular type, Hewitt and Truax found that in the scurfy type “ . . . the 
phelloderm is irregularly thickened for a considerable area on the branch 
...” but “ . . . the growth in the scurfy area is at no point as deep as in 
the pustules, the thickening of the phelloderm amounting to no more than 
six or eight cells in depth. ...” Occasionally the two types were inter- 
mixed and then the affected area in the scurfy type was “ . . . 5-20 cells 
deep with the deeper portions in specimens wdiich contain pustules along 
with the scurf. ...” 

These excerpts from the original descx’iption show that the symptoms of 
the pustular type differ markedly from those of the scurfy type. Further- 
more, the pustular type of measles, as described by Hewitt and Truax, is not 
identical with other obscure apple bark diseases such as the rough-bark or 
scurfy canker described by Eose (9), the isolated pustular, the aggregate 
pustular, and canker types described by Ehoads (7), target canker described 
by Eoberts (8), or black pox and intexmal bark necrosis described by Berg 
(2). Likewise, the pustular type symptoms are not identical with the symp- 
toms on apple bark resulting from boron deficiency observed by Young and 

iBeaearch Paper No. 799, Journal Series, University of Arkansas. Publislied with 
the approval of the Director of the Arkansas Agricultural Experiment Station. 

2 Pathologist, Division of Fruit and Yegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Besearch Administration, 
United States Department of Agriculture, and Entomologist, Arkansas Agricultural Ex- 
periment Station, respectively. 
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■Winter (11), Burrell (3), and Hildebrand (6), nor with those resulting from 
the effect of high soluble-salt concentration in the soil, described by Crawford 
(4) in New Mexico. This becomes especially apparent when it is realized 
that although Hewitt and Truax emphasized, both in their text and illustra- 
tions, the ‘^burrowing tendency and “hollow core’^ of the pustules, these 
striking histological characteristics are not stressed by any of these subse- 
quent investigators. Nevertheless, specimens having all the morphological 
characteristics ascribed by Hewitt and Truax to the pustular type of apple 
measles can be found in the apple orchards of northwest Arkansas at the 
present time. A comparative study of this material is presented. 

THE PUSTULAR TYPE OP APPLE MEASLES 

The most logical procedure for such a comparative study would be one 
based on a comparison of present-day specimens with the original material 
collected by Hewitt and Truax. Unfortunately, none of the original speci- 
mens were found in the herbarium of the Department of Plant Pathology, 
University of Arkansas.^ In lieu of the original specimens the writers based 
their study on the original description of the pustular type, as well as on 
unpublished photographs located during the search for the original speci- 
mens. 

The photographs (Fig. 1, A to E from the files of the Department of 
Plant Pathology or reproduced from the original paper) illustrate the 
macroscopic and microscopic appearance of the pustular form of apple 
measles. Hewitt and Truax were able to strip off the burrowing pustules 
leaving holes (Pig. 1, D) in the cortex and the intact pustules (Pig. 1, B) 
attached to the phelloderm and epidermis. 

The pustules found at the present time in apple twigs in northwest 
Arkansas orchards are hemispherical, from 0.25 mm. to. 0.75 mm. in diame- 
ter, and are raised from 0.1 mm. to 0.25 mm. above the surface of the twig. 
Superficially they resemble fungus pyenidia, as Hewitt and Truax men- 
tioned in their original account of the disease. In addition to these hemi- 
spherical pustules, elongate blister-like swellings are also present on the 
twigs. These elongate swellings were not mentioned by Hewitt and Truax, 
yet one of their photographs (reproduced as Pig. 1, A) shows the presence 
of elongate swellings on the twigs they studied. 

In the present study both the pustules and the blister-like swellings began 
to appear on the current season’s growth of a few twigs about the middle of 
August. In September and October pustules were present on practically all 
the new growth. They were more numerous on some twigs than on others, 
but their numbers did not increase after the first frost. 

These pustules persist on the twigs for several years. The older pustules 
are largeivhave a less regular outline, and have a slight depression at their 
center. These changes can be attributed to the subsequent growth of the 
twig, and it is this growth that makes the surface of the twigs very uneven 

8 Hewitt also advised the writers in 1938 that he had none of the original material. 
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Fi 0 , A. Ptistular type of apple measles. Print made from Hewitt original 
negative in tlio flies of the Dept, of Plant Pathology, University of Arkansas. B. ^ ' Sec- 
tion of an old pustule showing deex) burrowing. ^ ^ Legend and figure reproduced from 
Fig. 8 of Bulletin 112, Ai^kansas Agricultural Experiment Station. 0. ^^An older 
pustule showing diseased tissue surrounding a strand of bast.'^ Legend and figure repro- 
duced from Fig. 9 of Bulletin 112, Arkansas Agricultural Experiment Station. D, Sur- 
face view of cortex showing the holes left by removing pustules. Legend and figure 
reproduced from Fig. 13 of Bulletin 112, Arkansas Agricultural Experiment Station. 
E. ^ Surface view of the underside of the phelloderm. The projections are the pustules 
extending inwards. ’ ' Legend and figure reproduced from Fig. 12 of Bulletin 112, Arkan- 
sas Agrieultur^ Experiment Station. All illustrations and legends in Fig. 1 are repro- 
duced by permission of the Director of the Arkansas Agricultural Experiment Station, 
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as they grow older. Eventually the pustules lose their distinct outlines and 
are finally sloughed off, leaving areas of rough bark on these older branches. 

cause of the pustular type 

The first clue concerning the agent responsible for the pustular type of 
measles was obtained in 1936, when in examining small pustules on apple 
twigs received from Oregon it was found that a viscid liquid oozed from a 
number of the pustules as they were dissected under a binocular inierpscope. 
Further dissection, revealed the presence in the center of each pustule of an 
insect egg, which was identified as that of a leafhopper. The twigs were 
placed in covered battery jars and in due course nymphs of a leafhopper, 
identified as TypJilocyia pomaria McAtee, the white apple leafhopper, 
emerged from the spots on the twigs.^ 

The elongate blister-like swellings which occur intermixed with the typi- 
cal isolated pustules of apple measles in Arkansas are readily recognized as 
having been caused by the deposition of the winter eggs of the white apple 
leafhopper. Furthermore, the period of formation of the measles pxistules 
coincides with the period of deposition of these eggs and suddenly ceases fol- 
lowing the first frost. This suggested that leafhoppers might be involved 
also in the production of the pustules. The difference in appearance between 
the elongated blister-like swellings and pustules might be due solely to the 
angle at which the ovipositor was inserted in the twig. 

Washburn (10) reported in 1908 that Ainsle and Webster, who were 
working with him in Minnesota, had found the winter eggs of a leafhopper 
in apple twigs during the early part of the 1907 growing season. He de- 
scribed and figured not only what is now regarded as the typical elongate 
swelling caused by leafhopper oviposition but also an almost ^^cylindrical 
pouch similar to the measles pustules observed by the writers in Arkansas. 

When pustules from Arkansas orchards were examined under a binocular 
microscope, a leafhopper egg was found embedded in each pustule. Histo- 
logical changes in sections of these pustules were similar to those described 
and photographed by Hewitt and Truax, as a comparison between Fig. 1, 
B and C, and Fig. 2, A and B, shows. 

These pustules, caused by the insertion of a leafhopper egg, had the ^ ‘bur- 
rowing tendency’^ observed by Hewitt and Triiax. The egg was in the 
central portion or core of the pustule in many of the sections. 

Sections of these pustules on one-year-old and two-year-old wood showed 
even more clearly the “bimro wing tendency” and the “hollow core,” as well 
as the tendency for the spot to involve the pericyelic fibers (Fig. 2, C). 

In 3-year-old and 4-year-old wood the subsequent growth of the twigs had 
produced further marked changes in the pustules themselves. The hollow 
core disappeared (Fig. 2, D) as the pressure from the twig growth forced 
the walls of the cavity together, and finally, in the oldest pustules examined, 
only a solid mass of discolored cells marked the site of the original egg cavity. 

^ The junior writer (1) had heen engaged in a study of the biology of leafhoppers in 
the Gzarks for several years previously and had reared a number of series of Typhloeyha 
pomaria in all its stages. 
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Oross_ sections Of pptules showing eggs of TypUooyha pomaria 
siT^nf ‘^SS- Note the “burrowing tendency." C. 

D Section adjacent to a pustule enveloped by a wound periderm, 
of oirnnstidf fl lJcSfl cavity being obliterated. B. Outer tissues 

the ?usMe B fragments of leafhopper egg in the central core 

tissues^had been ^ ^ projecting from central core after surrounding 

under a binocular microscope it was possible to find por- 
sbell (Fig. 2, E and F) in the center of the pustules. 
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In contrast to the difficulties encountered with the older pustules, it was 
relatively eavsy to withdraw the egg intact from the young pustules (Fig. 2, 
Gr), leaving visible a hole in the cortical tissues. 

Hewitt and Truas were able to withdraw the entire pustule by soaking 
the twigs in an aqueous solution of sulphurous acid. Their illustration 
(reproduced as Fig. 1, E) shows dark spots in the center of a number of the 
pustules. The writers noted the same sort of dark spots in the center of the 
old pustules when the entire pustule was removed intact by dissection. 
Fragments of the leafhopper egg shell were found in these dark spots. 

DISCUSSION 

The evidence just presented suggests that the pustular type of measles 
originally described by Hewitt and Truax is caused by the deposition of eggs 
of Typhlocyha pomma^ in the tissues of apple twigs. Since the original 
specimens apparently are no longer in existence it is impossible to demon- 
strate that leafhopper eggs actually were deposited in the twigs from which 
Hewitt and Truax prepared their original description. However, this cause 
is indicated by the following circumstantial evidence: (1) Pustules similar 
to those described by Hewitt and Truax as the j)ustular stage of apple 
measles may be found on apple twigs in Arkansas oi’chards at the present 
time. (2) These pustules have the ‘‘burrowing tendency’’ and in the older 
stages have the “hollow core” described and illustrated by Hewitt and 
Truax in their original paper. (3) Leafhopper eggs or egg-shell fragments 
can be found in these pustules. (4) In microscopical sections of the pustules 
known to be the result of leafhopper egg-laying activities the histological 
changes are identical with those described and illustrated by Hewitt and 
Truax. (5) The pustular stage described by Hewitt and Truax is super- 
ficial, i.e.y the histological changes involve the epidermis, phelloderm, and 
outer layers of the cortex. Their illustrations show a definite opening in 
the epidermis connected with the hollow core or central portion of the pus- 
tule. This is precisely the condition to be expected if the pustule was caused 
by a leafhopper. The egg was inserted through the opening and the nymph 
likewise emerged through the opening, (6) Hewitt and Truax noted that 
the bast fibers (pericyelic fibers) were sometimes involved. The same phe- 
nomenon may be observed in sections of pustules containing leafhopper eggs. 
(7) Hewitt and Truax were able to withdraw the entire pustule attached to 
the epidermis after proper treatment to soften the tissues. The pustules 
studied by the writers can be removed intact by dissection, leaving holes in 
the cortex similar to those pictured by Hewitt and Truax. (8) Hewitt and 
Truax ’s illustration of the underside of the pustules shows dark spots in the 
center of the cores. The same sort of spots, containing remnants of the egg 
shell, were noted in the pustules removed intact by the writers. 

s According to Ackerman and Isely (1) there are five species of leafhopper attacking 
the apple in northwest Arkansas, but only two of these species, namely, Typhlocyha 
pomaria and Bmpoasoa maligna, deposit their eggs in the twigs. Of these T. pomaria 
is the only one numerous enough to be responsible for the symptoms discussed. 
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The siiuilarity between the pustules described by Hewitt and Truax as a 
form of apple measles, and those caused by the egg-laying activities of 
Typhlocyba pomaria is suffieient, the writers consider, to prove that the two 
types of pustules are identical. 

This being the case, it may be concluded that the pustular type of apple 
measles disease as originally described by Hewitt and Truax is not a ' 'physio- 
logical trouble'' but is caused by the egg-laying activities of the leaf hopper 
Typhlocyba pomaria: 

SUMMARY 

Apple measles as originally described by Hewitt and Truax consisted of 
two types : the pustular and the scurfy. 

The symptoms of the pustular type are distinctly different from those of 
the scurfy type and likewise are not identical with those of other obscure 
apple bark diseases described by later investigators. 

A comparison of material collected in Arkansas in recent years with the 
original description and i^hotographs (none of the original specimens being 
available) of the pustular type convinced the writers that this type still 
occurs in Arkansas orchards. 

A study of these present-day specimens shows that the pustules are 
caused by the insertion of the winter eggs of the white apple leaf hopper, 
Typhlocyba pomaria McAtee, in the twigs. 

The histological features described and illustrated by Hewitt and Truax 
are found in apple twdg tissues injured by leafhopper oviposition. 

The writers conclude that the -pustular type of measles, as originally 
described by Hewdtt and Truax, is caused by the deposition of leafhopper 
eggs in the twigs. 

Arkansas Agricultural Experiment Station, 

Fayetteville, Arkansas. 
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GENETIC LEAP EOLL OP lEISH POTATO SEEDLINGS^ 

E. L. LeOlerg^ 

(Accepted for publication June 15, 194:5) 

A leaf roll of small Irish potato seedlings grown from true seed in 3-inch 
pots was observed in the greenhouse during the winter of 1943. It was 
first observed in the progeny of a self -pollinated seedling (XL 72-1) which 
had been selected in Louisiana. The margins of the leaves of the affected 
plants rolled upward starting with the lower leaves and extending to the 
apical leaves (Pig. 1). Many of the rolled leaves had a red-purple tinge 
along the margins shortly after rolling became apparent. 


EiG. 1. Genetic leaf roll of potato seedlings. Normal plant in center. 

Table 1 gives the number of segregates with leaf roll in progenies from 
crosses as well as in inbred progenies. It appears that 45 of 124 plants were 
rolled in the inbred progeny IL 12 (from XL 72-1 selfed). Leaf -rolled 
plants appeared in 4 out of 6 cross-progenies in which seedling XL 72-1 
was used as a parent; however, in the other 2 cross-progenies (XL 225 and 
XL 237) no rolled plants occurred. The progeny XL 237 [(XL 72-1) 
X (XL 105-2)] consisted of 1,477 segregates, which is a number sufficiently 
large to indicate that some factor may be operating to inhibit expression 
of this character in the segregates of this progeny. 

Stem-graft inoculations with these rolled plants on disease-free stocks 
all gave negative results, which indicates that the rolling was not caused 
by a virus. Tubers produced by plants subject to rolling were planted at 
Orossville, Tennessee, in the spring of 1944. None of the plants produced 
from these tubers showed any type of leaf rolling during the growing season. 

1 These mvestigations were conducted by the Division of Fruit and Yegetable Crops 
and Diseases, Bureau of Plant Industry, Boils, and Agricultural Engineering; Agricul- 
tural Research Administration, United States Department of Agriculture, in cooperation 
with the Department of Horticultural Research of the Louisiana Agricultural Experiment 
Station. 

2 Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering; Agricultural Research Administration, 
United States Department of Agriculture; stationed at Baton Rouge, Louisiana. 
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Had the rolling of the leaves in the seedlings been caused by a virus the 
plants grown in the field from these tubers also should have been rolled; 
accordingly, the fact that no rolling occurred in the field-grown plants is 
further evidence that a virus is not associated with this type of leaf rolling. 
Furthermore, it is apparent from these results that this type of leaf roll is 
different from the nonvirus leaf roll previously described by the -writer.® 
The leaf roll herein discussed is limited to the small seedlings grown from 
true seed in clay pots and is not present in plants grown from tubers 
produced by these plants. The nonvirus leaf roll previously described, on 
the other hand, occurs only in field-grown plants and not in small seedlings. 

TABLE 1. — Expression of genetic leaf roll in, potato seedlings grown from true seed 
in the greenhouse at Baton Bouge, Louisiana, in 1943 


Pedigree 

number 

Parentage 

Polled 

plants 

Number of 

Nonr oiled 
plants 

XL 225 

Katahdin X (XL 72-1) 

0 

34 

XL 226 

Sebee x Katahdin 

0 

28 

XL 227 

Katahdin x Sebec, 

0 

25 

XL 228 

Sebee X (XL 72-1) 

9 

330 

XL 229 

(XL 72-1) X Sebec 

8 

287 

XL 230 

528-170 X (XL 72-1) 

16 

620 

XL 232 

(XL 72-1) X 528-170 

5 

172 

XL 233 

(XL 105-2) X Katahdin 

0 

925 

XL 235 

Priso X EaiTaine 

0 

17 

XL 236 

Friso X Katahdin 

0 

24 

XL 237 

(XL 72-1) X (XL 105-2) 

0 

1,477 

XL 238 

Katahdin X 528-170 

0 

80 

XL 239 

528-170 X Katahdin 

0 

322 

XL 240 

(XL 105-2) X 528-170 

0 

1,273 

IL 10 

Sebec selfed 

0 

60 

IL 11 

528-170 selfed 

0 

752 

IL 12 

XL 72-1 selfed 

45 

124 

IL 13 

Katahdin selfed 

0 

133 

IL 14 

Earlaine selfed 

0 

132 


The I’esulte herein reported support the hypothesis that this type of leaf 
rolling is the result of the expression of a genetic factor. 

Katahdin, Earlaine, and Sebec do not possess factors for this type of 
rolling since the character did not appear in inbred progenies of these varie- 
ties (Table 1). Likewise, seedling 528-170 did not have rolled plants in 
its inbred progeny, 

It has been impossible to formulate a genetical factorial explanation of 
this character from the data in table 1. However, this type of leaf rolling 
is due to a recessive factor, 

Louisiana AuEicuLTURAii E.xferiment Station, 

Baton Rougb, Louisiana 

8 LeClerg, B. L. Nonvirus leaf roll of Irisli potatoes. Amor. Potato Jour. 21: 6- 
13. 1944. 


PRELIMINARY STUDIES ON PHYSIOLOGIC SPECIALIZATION IN 
TILLETIA TRITICI AND T. LEVIS IN CHINA^ 



T. F. Yu, H. E. Wang, G . T , F a n g, a n d S. Y. Yin 2 
(Accepted for publication June 14, 1945) 

INTRODUCTION 

Stinking smut is one of tlie most important diseases of wheat in North 
China. It is so serious that, in certain spring wheat growing regions, wheat 
has been replaced by barley. In South China, the disease seems less preva- 
lent and destructive. Nevertheless epidemics of bunt have frequently been 
reported from certain localities. 

The best method of reducing loss from stinking smut is the development 
of smut-resistant varieties. However, the problem of producing smut- 
resistant varieties is complicated by the existence of many physiologic races 
within TilleUa tritici (Bjerk.) Wint. and T. levis Kuhn. For this reason, 
varieties resistant to certain races may remain resistant only as long as they 
are exposed to infection by only such particular physiologic race or races 
of the pathogens. It seems, therefore, that in the course of developing stink- 
ing smut resistance in wheat, it is highly desirable to begin with studies on 
the number, prevalence, distribution, and pathogenic capability of physio- 
logic races. 

LITERATURE REVIEW 

The first statement that specialization occurs in bunt was made by Paris 
(4), who, in the course of investigating the physiologic factors influencing 
infection by stinking smut organisms, obtained some preliminary evidence 
of differences in pathogenicity. Since then, specialization in both TilleUa 
tritici and T, levis has been studied by many investigators (1, 2, 3, 5 
through 15), who have shown conclusively that these smut fungi comprise 
distinct physiologic races. 

Because of the lack of uniformity in the use of differential hosts and 
in the system of numbering distinct races, many of the races identified and 
numbered by the various workers might be duplicates. In an attempt to 
work out a standard system for the identification of physiologic races of 
bunt organisms in the United States and Canada, Rodenhiser and Holton 
(16) have reinvestigated the races described by the previous workers and, 
in addition, have tested a number of collections of smut. They have selected 
10 varieties of both winter and spring wheats as the standard differential 
hosts and were able to identify and number 10 races of Y. tritici and T. levis, 

1 Paper No. 22 from Division of Plant Pathology, The Institute of Agricultural Ee- 
seareh, National Tsing Hua University. 

2 The writers wish to express their appreciation to Prof. F. L. Tai for his encourage- 
ment throughout the investigation and. his criticism of the manuscript and to Dr. E. C. 
Stakman for reading the manuscript. They are also indebted, for bunt material, to Dr. 
0. S* Wang, Honan j Mr. T. L. Nien, Kweichow; and Dr. L. Ling and Mr. Y. S. Wu, 
Szechwan. Dr. H. A. Eodenhiser of United States Department of Agriculture very kindly 
supplied seed of the differential wheat varieties. 
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Eeeently, Holton and Bodenhiser (12) have described 5 new races of T. 
tritiei and 2 of T. lev is. In this study, Martin and White Odessa were added 
as differential hosts in the winter wheat group, while Mindum was omitted, 
as a differential host, from the spring wheat group. • ( 

I 

MATERIALS AND METHODS j 

Collections of bunt were requested in 1938 and 1939 from many of the 4 

agricultural institutes in China. Forty-five collections were obtained for 
use as inoculum in the fall of 1938 and 12 more w^ere obtained in the fall of 
1939. Most of these collections used in the present studies were from single 
galls and were propagated on susceptible wheat. Every precaution was 
taken to keep them as pure as possible. 

The smut reactions of 24 varieties of wheat were studied. Of these 
wheats 14 were either developed or introduced from foreign countries by 
the various agricultural experiment stations in China and the remaining 
10 were those used by Bodenhiser and Holton for differentiating the physio- 
logic races of the two species of TilleMa in the United States. Most of the 
Chiiiese wheats, with the exception of 2H80, which was one of PercivaPs 
wheats introduced into China, failed to differentiate the smut collections 
thus far obtained. Among the wheats selected by Bodenhiser and Holton as 
their differential hosts, ITlka and Hybrid 128 were susceptible and Eidit, 

Oro, Hussar, and Canus were resistant to all of the smut collections in China. 

Albit did not grow well, and Hohenheimer was discarded on account of its 
high degree of sterility under local conditions. Thus, only three varieties 
of wheat, Marquis, Mindum, and 2H80, finally were selected as differential 
hosts. 

Seeds of differential hosts w^ere treated with formaldehyde according to 
the standard method, thoroughly washed with water, and allowed to dry. 

The seeds and spores 'were then shaken together in an envelope until the 
seed was completely covered with spores. Three grams of inoculated seeds 
were planted in each 3-ft. row. Three rows constituted a plot, and plots 
were systematically arranged in 2 or 3 replications. Smut percentages 
obtained were based on counts of the total number of heads per plot. Three 
infection classes were used: Besistant class (B)— 0-5 per cent infection; 
intermediate class (I) — ^6-20 per cent infection; and susceptible class 
(S)— 21-100 per cent infection. ^ 

RESULTS 

The results of 3 years’ work are given in table 1, Reactions of the 
varieties were remarkably consistent. Uika, which was used by Bodenhiser 
and Holton as the susceptible check, was also extremely susceptible to all 
of the smut races in China. Its smut reactions are in table 1 for comparison 
with reactions of the 3 differential hosts. 

Nine of the 57 smut collections were Tilletia levis. On the basis of the 
percentages of infection they produced, they represent 6 distinct races. 
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Eaee 1 is the only race to which the 3 differential hosts are resistant. Race 2 
is differentiated from race 1 by its capacity to infect Minduni, and race 6 
by its development on Mindum and 2H80. Marquis has an intermediate 
reaction to race 3, and 2H80 has an intermediate reaction to race 4. Eaee 5 
differs from race 4 by the intermediate reaction of Mindum and from race 3 
by the intermediate reactions of both Mindum and 2H80. 

A total of 48 collections of Tilletia tritici have been tested. On the basis 
of reactions of the same three differential hosts, these collections comprised 
4 distinct races. All three differential hosts are resistant to race 1. Race 2 
is differentiated from race 1 by the susceptible reaction of Mindum, race 3 

TABLE 1.; — Fercentages of hunt obtained in 3 varieties of wheat exposed to 4 
physiologic races of Tilletia tritici and 6 physiologic races of Tilletia levis at Kunming, 
China 


Percentages^^ of smutted heads produced by 


Host Year n m ^ ^ ^ . 

variety tested Eaees of T. iritici Paces of T. levis 




1 

2 

3 

4 

1 

2 

3 

4 

5 

6 

Marquis 

1941 

2.8 

1.1 

10.1 

3.7 

3.7 

3.7 

11.7 

8.2 

5.8 

7.2 


1942 

0.8 

0.6 

6.4 

12.9 

1.2 

2.7 

20.2 

9.0 

5.3 

4.7 


1943 

0.5 

0.6 

7.7 

5.3 

1.5 

3.5 

5.0 

13.7 

7.6 

6.1 


Av. 

1.4 

0.8 

8.1 

7.3 

2.1 

3.5 

12.3 

10.3 

6.7 

6.1 

Mindum 

1941 

0.9 

18.5 

5.3 

2.0 

0.0 

20.0 

0.0 

3.6 

5.2 

11.2 


1942 

1.1 

24.2 

3.1 

6.6 

0.0 

20.8 

0.0 

0.9 

7.2 

8.4 


1943 

0.0 

22.6 

3,7 

1.6 

0.0 

25.3 

0.0 

4.1 

5.7 

9.0 


Av. 

0.7 

21.8 

4.0 

3.4 

0.0 

22.2 

0.0 

2.9 

6.1 

6.2 

2H80 

1941 

0.0 

0.4 

0.0 

5,1 

0.0 

0.0 

0.0 

6,1 

6.3 

17.9 


1942 

0.0 

0.0 

0.0 

13.0 

0.0 

0.0 

0.0 

9,4 

3.3 

15.4 


1943 

0.0 

0.0 

0.0 

2.7 

0.0 

0.4 

0.0 

7.6 

5.7 

34.8 


Av. 

0.0 

0.1 

0.0 

6.9 

0.0 

0.1 

0.0 

7.7 

5,1 

24.0 

01ka 

1941 

23.4 

45.2 

43.7 

47.1 

41.3 

24.0 

47.5 

73.6 

48.8 

63.1 


1942 

45.5 

47.8 

52.1 

35.5 

29.8 

43.5 

51.2 

59.8 

43.0 

49.9 


1943 

35.7 

49.8 

39.0 

64.3 

31.0 

26.5 

30.6 

45.7 

47.7 

43.7 


Av. 

34.9 

45.9 

44.9 

49.3 

34.0 

31.3 

43.0 

59.7 

46.6 

55.6 


a Percentages for each year are averages from 3 or 4 plots. 

by the intermediate reaction of Marquis, and race 4 by the intermediate 
reaction of 2H80. Table 2 and the keys show that the 6 races of T. levis 
and 4 races of T. tritiei may be differentiated with the three varieties of 
wheat used. 

Of the 9 smut collections obtained from North China, 7 were Tilletia 
levis. This probably indicates that T. levis is the predominant species in 
North China. Of the 48 smut collections made in South China, however, 
only 2 were identified as T. levis. Evidently, in South China T. tritiei is 
predominant. The number of collections of T. levis was too small to permit 
a detailed analysis of the distribution of the species in China but the 45 
collections of T. tritici, comprising 4 distinct races, may give a general idea 
of the distribution and prevalence of these races and of the species in South- 
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western China. The frequency of occurrence and the distribution by prov- 
inces and districts of the collections representing the 4 races of T, iritici 
are in table 3. 

TABLE 2 . — Beactions of S varieties of xoheat whioJi differentiate 6 physiologic races 
of Tilletia Jevis and 4 races of Tilleiia iritici 


Host 

Race No. of T. tritici 


Race No. of T. levis 


variety 

1 

2 

3 

4 

1 

2 

3 

4 

5 

6 

Marquis 

..... R 

R 

I 

I 

R 

R 

I 

I 

I 

I 

Alindum 

R 

S 

R 

R 

B 

S 

R 

R 

I 

I 

2H80 

..... R 

R 

R 

I 

R 

R 

R 

I 

I 

S 


Kace 1 of Tilletia tritici was collected more often than all other races 
and it oeciuTed over wide areas in Southwestern China. Eaee 4 was col- 
lected only once in Kwangshung, Kweichow. 

Key to 4 physiologic races of Tilletia tritici 


Race No. 


Marqais resistant 

Mindum resistant .... 
Maiidnm susceptible . 
Marquis intermediate 

2H80 resistant 

2H80 intermediate . 


Key to 6 physiologic races of Tilletia levis 
Marquis resistant 

Mindum resistant 

Mindum susceptible 

Marquis intermediate 
Mindum resistant 

2H80 resistant 

2H80 intermediate 

Mindum intermediate 

2H80 intermediate 

2H80 susceptible 


Race No. 


SUMMARY AND CONCLUSIONS 

Tliree years’ data on physiologic specialization in Tilletia tritici and T. 
levis in China have been obtained. Separation of races within each species 
was based on differences in pathogenicity on three varieties of wheat, 
Marquis, Mindum, and 2H80. Four races of T. tritici and 6 races of T. levis 
were identified and numbered T-1 to T-4 and L-1 to Ii-6 respectively. 

In North China T. levis strongly predominates while in South China 
T. tritici is predominant. Race 1 of T. tritici is the most widely distributed 
in Southwestern China. It was found in 17 of the 18 districts from which 
eolieetions were obtained. It was also the most frequently collected, com- 
prising 35 of a total of 45 collections. This race, to which all the differential 
hosts are resistant, may be further separable into more races if the proper 
additional differential hosts are used. 

In the northwestern corner of Yunnan, where bunt is usually epidemic, 
races 1, 2, and 3 of Tilletia tritici have been thus far found. The wheat 
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TABLE 3. — Frequency of occurrence and distribution by provinces and districts of 
collections of 4 physiologic races of Tilletia tritici in Southwestern China 


Province and district 


No. of collections of each, race 
12 3 4 


Total 

collec- 

tions 


Yunnan 

Tali 2 1 ...... 3 

Hsihchow 1 2 3 

Tungehwan 2 1 3 

Peng-I 3 3 

Yang-pi 4 1 5 

Tengschwan 2 ...... 2 

Total 14 3 2 ...... 19 

Kweichow 

Ping-I 2 2 

Ping-pa 3 ...... ...... 3 

An-shnn 3 ...... 3 

Tsingcheng 2 2 

Kwangshung 1 ...... 1 2 

Ghengning 1 ...... 1 

Total 11 1 1 13 

Szechwan 

Sui-ning 2 2 4 

Si-chung 3 1 ...... 4 

Peihsien 2 2 

Ghingtang 1 ...... 1 

Anhsien ' 1 ...... 1 

Santai 1 ...... ...... 1 

Total 10 3 13 

Grand total 35 7 2 1 45 


variety 2H80 has been resistant to these 3 races. This wheat possesses, in 
addition to its smut resistance, many other desirable agronomic character- 
istics and will be valuable in breeding wheat resistant to stinking smut for 
this part of China. 

Institute op Agricultural Research, 

National Tsing Hua University, * 

Kunming, China. 
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Physiologic specialization in Tilletia tritici. 


EPIDEMIOLOGY STUDIES ON STRIPE RUST OF WHEAT 
IN CHENGTU PLAIN, CHINA 




LiEE Ling 

(Accepted for publication June 16, 1945) 

Stem, leaf, and stripe rusts are all of common oceurreiice on wheat in 
Szechuan province, China, but stripe rust is often the most important factor 
in the reduction of wheat yields. Although this rust is seldom absent, it 
varies considerably in severity from year to year. In Chengtu plain of this 
province, the rusts occur in the following sequence: (1) Piiccinia triticina 
Erikss., (2) P. glumanim (Schmidt.) Erikss. and Henn., (3) P. triticina 
Erikss., (4) P. grammis Pers. In general, wheat is sown in that region in 
late October and harvested in the middle of May. Leaf rust appears on 
seedlings of early sown wheat about the middle of November, when the tem- 
perature averages not lower than 10° C. It is seldom seen when tempera- 
tures are lower. Stripe rust occurs in late November or early December 
and maintains itself without much spread until February of the following 
year, when it becomes epidemic if environmental conditions permit. In 
average years, the stripe i*ust disappears in late April. Leaf rust reappears 
in late March to early April and becomes prevalent in May. Stem rust is 
the last to appear and gains in intensity in June, but it is too late to cause 
damage on wheat. 

NATURAL HOSTS 

Besides attacking wheat and barley, stripe rust occurs very commonly on 
Agropyron ciliare (Trin.) Pranch. and A, semicostatnm Nees (probably 
identical with A, caninum (L.) Beauv.) in Chengtu jdain and its surround- 
ing mountains. On these two grass hosts, however, the rust appears much 
later than on wheat, generaUy not until April, and it becomes prevalent in 
May. It seems to endure much higher temperatures than stripe rust on 
wheat. Seedlings oi Bromns japonicus Thumb, have been observed infected 
with stripe rust, but never mature plants. Other wild grasses such as 
Bromus remotiflorus Steud., B. fectoriim L., and Elymiis sibiriciis Eoch. 
have never been found infected. Eye is not cultivated in the plain region, 
but in the experimental plots it has not had stripe rust and has been seen 
rusted only by Puccinia disperm Erikss, and Henn. 

Since Newton and Johnson (12) and Becker and Hart (2) have found 
that stripe rust from Agropyron is capable of attacking wheat, the local 
Chinese collections from Agropyron ciKare were inoculated on the standard 
assortment of differential hosts to deteinnine whether the physiologic races 
harboi^ed on the grass host were identical with those on wheat. Two races 
were isolated from such collections. One attacked only two barley varieties, 
Fong Tien and Heils Franken, and prodiieed scattered infections of type 2 
instead of the usual stripe-like sori. The other attacked the two barleys 
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with type 3-4 infection, Petkusei- rye with type 2 infection, and Chinese 166 
wheat with type 3 infection. The latter race appears to be similar to 37 6A 
of Becker and Hart (2) from barley. It is also important to note that in 
1941 the inoculations were made near the end of April and sori appeared in 
early May, a period during which the mean temperature was 24.7° 0. At 
the same time several collections of rust from wheat were inoculated but 
failed to produce infections, apparently because of the high temperatures 
prevailing. Such results indicate that the grass is not likely to serve as a 
source of supply of urediospores for wheat during the unfavorable months 
in summer under local conditions. 

EFFECT OF TBMPEEATOEE ON GERMINATION OF UREDIOSPORES 

The cardinal temperatures for germination of urediospores of Puccinia 
ghimanm have been studied by several investigators (7, 12, 14, 15). The 
minimum temperature is just above 0° C., the optimum ranges from 10° to 
12° C., and the maximum from 23° to 27° C. 


TABLE 1. — The efect of temperature on the germination of urediospores of Puc- 
oinia ghmanm 


Temperature, 
in degrees 0. 

Kiiinber spores 

G-erminated sporesa 

counted 

Number 

Per cent 

4.5 

035 

72 

11.3 

10 

1,181 

300 

25.4 

11.5 

1,048 

287 

27.4 

14 

891 

223 

25.0 

16 

1,055 

222 

21,0 

18 

1,377 

86 

6.3 

21 

1,530 

22 

1.5 

25 

1,600 

6 

0.4 

28 

2,000 

0 

0 

32 

2,000 

0 

0 


a After 18 hours. 


As stripe rust is knowia to be particularly sensitiye to bigli temperatures, 
the knowledge regarding the influence of temperature on the germination 
of urediospores o! local physiologic races would be helpful in explaining 
the seasonal occurrence of stripe rust as well as the development of epidem- 
ics in China. In experiments in 1940, we used a race prevalent on native 
wheat which is similar to race 31 of Straib (14) except that it produces a 4 
infection type on Spaldings Prolific wheat. The urediospores were shaken 
from the open pustules of infected leaves onto plates of potato-dextrose 
agar. The plates were immediately placed in incubators or in the refrigera- 
tor and examined at intervals. The average results of two experiments are 
summarized in table 1. At the optimum temperature of 11.5^ 0. germina- 
tion started in four hours, reached over 1 per cent after 6 hoilrs, and reached 
27 per cent after 18 hours. The maximum appeared to lie around 25^ C. 
The figures in table 1 are the averages obtained in two experiments. 
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LONGEVITY OF UREDIOSPORES 

The profonnd influence of environmental conditions on the viability of 
urediospores of stripe rust is well indicated by the divergent results given 
by different investigators. Hungerford (6) found that the urediospores 
may remain viable for at least 58 days at ordinary room temperature in 
Oregon, United States, and that only a small percentage germinated after 
63 days in a desiccator. In England, Mehta (7) obtained 5 per cent ger- 
mination in the laboratory and 15-20 per cent at 2.5° or 5° C. after the 
urediospores had been exposed for one month. Ducomet (4), in Prance, 
determined that the urediospores were able to germinate during a period 
of at least of 235 days after formation. Becker (1) reported the retention 
of germinability of urediospores for 433 days at optimum conditions of 
0° C. and 40 per cent relative atmospheric humidity. Menacacci (11) 
recorded that the urediospores taken from June infection in the vicinity 
of Eome and placed indoors lost their germinability on the 22nd day, 
Eaeder and Bever (13) proved that the optimum humidity and tempera- 
ture for the retention of germinability of urediospores were 49 per cent 
and 9° to 13° C. respectively. Under such conditions, spores remained 
viable for 88 days. The upper thermal limit of endurance for the rust was 
studied by Butler and Hayman (3), who found that the urediospores when 
moist would not endure exposure at 45° C., for 5 minutes. 

Since the stripe rust apparently depends entirely upon the uredial stage 
for its perpetuation, the longevity of urediospores under local conditions 
was studied. As the urediospores found between the glumes have been 
reported to retain their germinative power longer (11), both the infected 
leaves and heads were used as the source of urediospores in the experiments 
of 1940. The viability of urediospores was tested at intervals by germinat- 
ing them on agar plates. The materials were kept in open vials and held 
in the following conditions: (1) Outdoors, (2) in the laboratory, (3) in a 
desiccator, (4) in an incubator at 32° C. While the experiments were made 
the room temperature was approximately 20° C. and relative humidity 
was high. 

Eusted leaves of a very susceptible native variety of wheat were col- 
lected on April 23. The initial percentage of germination of urediospores 
was 10.6. On April 27, the germinative power had decreased only slightly, 
except for those spores kept at 32° C., only 1.7 per cent of which germinated. 
After April 27, the germinability declined rapidly. On May 14, 21 days 
after the beginning of the experiment, the germination of urediospores kept 
outdoors was 3.2 per cent, while germinability of those under other condi- 
tions had decreased to little more than 1 per cent. On May 27, very few 
spores germinated under all the conditions tested. 

Urediospores between glumes of Ble rouge prolifique barbu were col- 
lected April 27, and 21 per cent germinated. On May 3, the percentages 
of germination were all above 12 except for spores kept at 32° C., only 1.4 
per cent of which germinated. On May 14, seventeen days after collection, 
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the germination decreased to 2.4 per cent for the urediospores held outdoors, 
to about 1 per cent for those in the laboratory and in the desiccator, and to 
a trace for those at 32° C. On May 27, few spores, either outdoors or in 
the desiccator, germinated, while none germinated in other treatments. 

The results were checked occasionally by inoculating the urediospores 
directly to wheat seedlings. In all cases, the infectivity could be retained 
no longer than one week. These results agree with the fact that during 
the work of determining physiologic races, the rust samples sent from nearby 
districts through the mails usually failed to produce infections. 

In 1943, similar experiments w^'ere made with urediospores from infected 
leaves kept in ordinary room conditions and outdoors. Spore germination 
was rather erratic, but, in general, the longevity of urediospores was about 
18 days only. 

In 1940, the effect of a constant high temperature of 36° C., which might 
be encountered locally in the hot summer, on the viability of urediospores of 
stripe rust was studied. At such high temperature, spores remained viable 
for only two days. 

The urediospores of stripe rust are short lived under natural conditions, 
indoors or outdoors, or when kept in a desiccator. In the years tested, 
urediospores from infected leaves retained viability no longer than one 
month, while the urediospores between glumes were even shorter lived. The 
urediospores rapidly perished at high temperatures. 

OVERSUMMERING OF STRIPE RUST . 

In the Cheiigtu plain, the winter is ordinarily so mild that the tempera- 
ture seldom drops below 0° C. Therefore the stripe rust urediospores and 
mycelium overwinter without difSculty. Between the wheat harvest in May 
and sowing in October, however, there are about five months, part of which 
is a hot and wet summer. In July and August, the rainfall is heavy and 
temperatures above 30° C. frequently persist for several days. The relative 
atmospheric humidity is usually above 80 per cent during the summer and 
fall. Under such conditions, urediospores are unable to live long, and 
neither volunteer wheat nor Agropyron has been observed infected. Ac- 
cordingly, the means by which the rust bridges over the gap between wheat 
crops must be sought outside the plain. 

The Chengtu plain is bordered at its western edge by mountains of vary- 
ing height. The peaks and ranges northwest of the plain are from 5,000 
to 7,000 meters high (Fig, 1). Between low and high altitudes there is 
well-marked vertical zonation^^ of climate and vegetation. The limit of 
growth of wheat and barley is approximately 3,600 m. (16) . In the sub- 
alpine zone (3,000-5,000 m.), winter wheat is cultivated and its growing 
season is prolonged with the increase of elevation. At higher levels in this 
zone, wheat is sown in September and harvested the next August. Thus 
from the plain up to the high mountains, wheat is seen all the year around. 
The gap between crops in tbe plain is well bridged over by the croppings 
at higher altitudes. 
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Fkj, 1. Relief map of northwestern Szechuan Province, China. 

In the plain, the stripe riist appears on wheat during May. Northwest- 
ward and in the mountain regions, the rust appears much later and may 
thrive throughout the summer. The monthly records of temperature in 
Sungpan (2,385 m.) as compared with those in Chengtu (503-576 m.) are 
in table 2. The rainfall on the mountains is always higher than in level 
country, which, in combination with lower summer temperatures, provides 
favorable conditions for rust development. Observations support such con- 
clusions. At about 1,000 m. on Chineehnshan near Kwanhsien, stripe rust 
usually first appears in early April and is still seen in July on self sown 
wheat. In Lifan and Sungpan, at altitudes around 2,000 m., the stripe 

TABLE 2 . — Average temperatures^ at Chengtu and Sungpan, Szechuan Province, China 


Locality and 


Mean temperature, in degrees G. 



altitude 

Jan. Eeb, Mar. 

Apr. 

May June 

July 

Aug. 

Sept. 

Oct. 

Hov. Dec. 

Chengtu (503- 
576 m.) 

5.9 8.4 12.5 

17.3 

22.1 24.9 

26.8 

26.2 

22.0 

18.1 

12.2 8.1 

Sungpan 

(2385 m.) 

-1.7 -0.3 4.0 

7.8 

10.6 12.9 

16.1 

16.0 

12.1 

8.0 

2.8 -1.7 


a Averages for 1933-1943 at Chengtu and for 1937-1943 at Sungpan, 
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rust becomes prevalent in late June or July but is seldom seen in early 
August. In the spring wheat region on mountains near Sungpan, at alti- 
tudes slightly less than 3,000 in., the rust is not noticeable until the middle 
of July and it persists until harvest. 

The evidence indicates that stripe rust survives the summer at higher 
altitudes. Above 2,500 ni., there exists a gap of about one month between 
wheat crops. Since temperatures at altitudes above 2,000 m. seldom reach 
as high as April temperatures in the plain, there probably would be no diffi- 
culty for the urediospores to survive one month. Otherwise a quantity of 
urediospores from the spring wheat would supply sufficient inoculum for 
the fall crop at lower levels. According to the meteorological records of 
Sungpan, a northwest wind is not uncommon during October and November, 
The urediospores of the rust can be carried southeastward to the plain by 
the air current. In 1938, spore traps set in Chengtu first revealed the pres- 
ence of urediospores of stripe rust in the air on November 28. Sporadic 
infections during the early season on wheat seedlings in the plain, which 
serve as the infection centers for further spread of the rust, also furnish 
evidence that inoculum is wind-borne. During April and May southeast 
winds and vertical movement of the air are frequent in the plain and 
doubtless facilitate the dissemination of urediospores to higher altitudes. 
The situation is comparable to that in India (8, 9, 10). 

It is not known up to what levels the urediospores of stripe rust are 
able to survive the cold winter. According to Eriksson (5), they may 
endure to -10° C. for 2 hours. But in the meteorological records of 
Sungpan (2,385 m.) temperature was as low as -17.6° C. in January, 1941. 
However, on the high mountains there are likely to be early snows, little 
alternate thawing and freezing, and late spring thaws. From the records 
on the tolerance for low temperatures by other cereal rusts, there is no 
reason to expect that stripe rust is unable to overwinter in its uredial 
stage or by dormant mycelium at least as high as where wheat grows. 

INFLUENCE OF CLIMATIC FACTORS ON THE DEVELOPMENT OP 
EPIDEMICS OF STRIPE RUST 

The prevalence of stripe rust on wheat has been investigated at Chengtu 
from 1938 to 1944 and its correlation with the meteorological factors has 
been attempted. In the seven years, the worst epidemic occurred in 1939. 
There was comparatively little rust in 1943 and 1944. The other years can 
be classed as intermediate in rust severity. In general, the winter in 
Chengtu plain is mild and fairly dry, but not rainless ; yet winter drought 
is not usually suffered, because the humid atmosphere and the cloudiness 
reduce evaporation. Severe frosts are rare. In spring the rainfall is much 
increased and the temperature is higher. Such conditions permit the safe 
overwintering and early outbreak of the rust in average years. Meteorologi- 
cal data during the critical period of rust development are summarized in 
table 3. The situation of each year is given briefly as follows. 
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TABLE 3 . — Meteorological records at Chengt'ii 


Year 

Baiiif all, in mm. 

Belative 
humidity, in 
per cent 
(Peb.-Apr.) 

Mean tem- 
perature, 
in °0. 
(Apr.) 

Number of 
days of rain 
(Eeb.-Apr.) 

Winter a 

Spring 

1938 

66.7 

148.2 

77.4 

17.5 

21 

1939 

29.6 

175.6 

81.3 

14.1 

40 

1940 

7.6 

264.6 

74.2 

16.3 

33 

1941 

29.0 

118.5 

71.5 

19.5 

24 

1942 

15.8 

176.2 

SO.l 

18.2 

32 

1943 

13.0 

91.1 

77.2 

16.8 

24 

1944 

21.7 

106.8 

76.2 

17.5 

38 


a Winter refers to December of the previous year and January and February of tbe 
year indicated* 

In 1938, an intermediate rust year, the especially wet winter and the 
high rainfall in February brought about an early outbreak of rust in the 
middle of February. But the spring was relatively dry in comparison with 
an average year, therefore the rust was unable to reach its maximum de- 
structiveness in April and became almost unnoticeable toAvard the end of 
April. 

In 1939, an epidemic year, the active development of rust occurred a 
little later than in 1938. Although the rainfall w^as not particularly high 
in the spring, it was Avell distributed. SeA^eral other factors were in ex- 
tremes in comparison with other years : 1939 had the highest relative humid- 
ity, the highest number of rainy days, the lowest number of hours with 
sunshine, and the lowest mean temperature in April. The cloudy and wet 
weather brought about a very succulent growth of wheat, on which the water 
was amply retained. Moreover, the maturity of wheat as well as the appear- 
ance of the telial stage of rust was delayed by the low temperature in April. 
The uredial stage therefore had excellent chances for reproduction and 
there was a wide and rapid spread of the rust. Throughout the period the 
rust had an unusually thriving development until the temperature suddenly 
rose in early May. In the wheat fields the soil was covered by a yellow 
layer of spores for more than two months. This year was also very favor- 
able to the growth of wheat, but many varieties failed to yield well because 
of the severe rust attack. 

The intermediate rust year, 1940, wvas a year with weather conditions 
roughly contrary to 1938. The winter Avas A^’ery dry but the spring was wet. 
The active development of the rust was not noticed until early March. But 
the unusually high rainfall in March led to a sev^ere outbreak. The destruc- 
tiveness, however, was somewhat checked by the dryness in April, when the 
relative atmospheric humidity averaged 66.2 per cent. At the end of April 
and in May, there was again unusually high rainfall, which in combination 
with a relatively low temperature delayed the maturity of wheat even more 
than in 1939. The actmty of stripe rust was resumed for a while in early 
May. This year was characterized by the prolonged period of rust develop- 
ment as well as by the highest yields for most varieties of wheat. 
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The very dry winter of 1941, an intermediate rust year, appeared to be 
responsible for the late outbreak of stripe rust, which did not start until 
early March, and probably was induced by considerable rainfall in late Feb- 
ruary. The progress of rust, however, was somewhat checked by dryness 
in March and the teliospores soon formed. Toward the end of March the 
recurrence of rains allowed the rust to become prevalent for a rather short 
period. This year was even more unfavorable to wdieat growth than to the 
development of rust. The dryness in spring and the high temperatures in 
April caused a precocious groAvth and very poor yield in wheat. 

From December of 1941 to March of 1942 marks a peidod of drought, but 
the relative atmospheric humidity remained above 80 per cent. The year 
1942 was an intermediate rust year. The rust started to gain in intensity 
only late in March. The iinusiially high, rainfall in April, however, caused 
a sufficient retention of water both in the soil and in tlie plants to favor the 
development of the rust. This year was approximately intermediate among 
the seven years recorded in the prevalence of stripe rust, which was les^ 
destructive than in 1938, 1939, and 1940, but more destructive than in 1941, 
1943, and 1944. 

Both 1943 and 1944 were light rust years, the former being unfavorable 
to the growth of both wheat and stripe rust. Brought throughout the spring 
and winter kept down the rust, which was first noticed during mid- April. 
The rust situation of 1944 was comparable to that of 1943, though the dry- 
ness of the season was not so pronounced. The preeii^itation for 1944 was 
only slightly less than that for 1941 (Table 3), but its distribution varied. 
There w^as considerable rainfall in February, 1941, but much less in the same 
month of 1944. In both years March was dry, therefore the amount of pre- 
cipitation in February would be important in determining the increase of 
actual inoculum early enough to initiate an epidemic at the right time. 

From the foregoing discussions, it appears that the rainfall during the 
late winter and the spring is most important of all in affecting the prevalence 
of stripe rnst in this region. However, not merely the amount of rainfall 
but its distribution as well should be taken into consideration. Rain should 
occur early in the season in order to initiate a rust epidemic. Besides its 
effect on the initiation of the disease, rainfall may render the wheat plants 
more susceptible to the rust. Both atmospheric humidity and cloudiness are 
effective in regulating the evaporation of water from plants as well as from 
soil. Low temperatures toward late spring favor repetition of the uredial 
stage and postpone the production of teliospores. These factors altogether 
have a profound influence on the increase of inoeiiltim as well as the develop- 
ment of sneeessive crops of urediospores during the growing season. 

SUMMARY 

In Chengtu plain, China, wheat rusts occur in the following sequence: 
(1) Puccinia iriUdm, (2) P, ghimarum, (3) P. triticinaf (i) P. graminis. 
The stripe rust caused by P. glumanmi, however, is often the most important 
factor in reducing the yield of wheat. 
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Besides attacking wheat and barley, stripe rust occurs very commonly on 
Agropyron ciliare and A, semicostatum in the plain and surrounding moun- 
tains. On the grass hosts the rust appears later in the season than on wheat. 
Both the physiologic races isolated from Agropyron are different from those 
on wheat. Hence the grasses are not considered to have any importance in 
the epidemics of stripe rust on wheat. 

The urediospores of stripe rust germinate best at 11.5° C. and the maxi- 
mum lies around 25° C. Above 20° C. germination is much retarded and 
the final percentage is very low. 

Under local conditions with high atmospheric humidity prevailing, the 
urediospores remain viable no longer than one month. The iiifectivity of 
spores often is retained a much shorter time, usually not more than one week. 
At high temperatures, the urediospores rapidly perish. At 36° C., the spores 
are viable for only two days. 

Ill the plain the winter is so mild that stripe rust apx->ears to have no 
difficulty in overwintering by means of either the urediospores or mycelium. 
Between crops of wheat, however, there exists a gap of five wet and hot sum- 
mer months during which the stripe rust can hardly survive. On the moun- 
tains west of the plain, the season for winter wheat is much prolonged and 
spring wheat is cultivated at altitudes around 3,000 m. Stripe rust has been 
seen at high altitudes persisting on -wheat throughout the summer. From 
those high levels, the urediospores are conveyed by wind southeastward into 
the lower altitudes to infect the fall sown wheat. The sources of inoculum 
for subsequent infections on wheat at higher altitudes are either the uredio- 
spores which have overwintered in situ or the urediospores blomi back from 
the lower levels, or both. 

The influence of climatic factors on the prevalence of striiie rust have 
been investigated from 1938 to 1944 at Chengtu. The results indicate that 
the amount and distribution of rainfall in late winter and spring are most 
important in determining the development of rust epidemics. Atmospheric 
humidity and cloudiness also are of significance because of their effects on 
the evaporation of water from the plants and from soil. Low temperatures 
in late spring delay the maturity of wheat and favor the repetition of the 
uredial stage of the rust. Among the seven years recorded, the worst stripe 
rust epidemic occurred in 1939, while there was very little rust in 1943 and 
in 1944. The other years are classed as intermediate. 

University op Nanking, 

Chengtu, China. 
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COPPER SULPHATE AS AN ERADICANT SPRAY FOR 
POWDERY MILDEWS 

C. E. Yarwood 
(Accepted for pubUeation June 18, 1945) 

Powdery mildews are among the most easily controlled of fungus diseases 
of foliage. While a great variety of chemicals in liquid and dust form have 
been successfully used to control powdery mildews, sulphur dust was one of 
the first, and to this day remains the most universally successful. Liquid 
sprays containing lime-sulphur or wettable sulphur are, in general, similar 
in effectiveness to sulphur dust, but are more adhesive and more expensive 
to apply. Lime-sulphur spray is generally more injurious to the host and 
more effective as a fungus eradicant than either wettable sulphur or sulphur 
dust. For the relatively few cases where sulphur sprays or dusts are unde- 
sirable, one of several copper-containing sprays is usually used, and the 
writer feels that bluestone (copper sulphate, CUSO 4 • 5 H 2 O) with a spreader 
is one of the most efficient, perhaps the most, reported to date. 

Radclyffe (6) in 1861 was perhaps the first to use bluestone as a foliage 
spray. He used 2 oz. bluestone to a stable bucket of water (probably be- 
tween 0.3 and 0.6 per cent) and poured it on the rose bushes from a fine 
spout. He reported that the roses were cleaned of powdery mildew. He 
recorded no foliage injury but his statement that he would use a lower dosage 
next year indicated that injury may have occurred. In commenting on Rad- 
clyffe ’s method of mildew control, another writer (1) cautioned against the 
use of bluestone on foliage, but he reported no experiments or observations. 
Two years later Radclyffe (7) repeated his recommendation of bluestone for 
control of rose mildew, though he also gave sulphur as an acceptable treat- 
ment. 

Following the discovery of Bordeaux mixture, Millardet (4) in France 
made extensive tests of bluestone sprays on foliage for the control of grape 
downy mildew, and Taft (8, 9) in Michigan recommended 1-1000 to 1--4000 
bluestone sprays on fruit trees in foliage. These treatments have disap- 
peared from present recommendations. Blake (2) used bluestone spray at 
the rate of about a tablespoon to a bucket of water, and claimed perfect 
eradication of rose mildew. In spite of these favorable though fragmentary 
reports, and in the apparent absence of any definite contrary evidence, the 
use of bluestone spray was apparently not accepted by the public or by plant 
pathologists, and the writer is aware of no recommendation of the use of 
bluestone for the control of a powdery mildew at present. Soluble coppers 
such as copper ammonia mixtures and copper oleate in oil, and less soluble 
coppers such as Burgundy mixture, Bordeaux mixture, and cuprous oxide 
are being successfully used for the control of powdery mildews, but little 
quantitative information on their comparative value is available. 

The experimental demonstration that the eradicant value of Bordeaux 
for bean powdery mildew decreased with increasing amounts of lime in the 
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spray (14) stimulated this further study of bluestone as an eradicant spray 
for powdery mildoTV. 

EFFECT OP A SPREADEE ON THE SPRAY DEPOSIT ON FOLIAGE 

Spray deposit was calculated from the measured wet deposit and the 
Imowm fungicide content of the spray. If it can be assumed there is no selec- 
tive adherence and that there is no physical change in the liquid induced by 
the suspended or dissolved fungicide, the deposit of any dosage of spray 
mixture could be calculated from the measured deposit of a similar appli- 





Pio. 1. The xelation of concentration of spreader (glyceryl alkyl resin) in the spray 
to the wev deposit on the upper and lower surfaces of cantaloupe and bean leaves. 

Fia 2. The relation of concentration of bluestone in spray (with 0.05 per cent 
spreader in aU cases) to injury to beans. Each dot represents the green weight of the 
leaves of young Pinto beans, grown in 4dncb pots in the, greenhouse, 5 to 10 days after 
spraying with bluestone of the indicated concentration, expressed as a percentage of the 
green weight of similar unsprayed plants. The smooth curve approximates the average 


coneeatration of bluestone in spray to eradication of bean 
mildew and to injury of nonmfectcd plants. Only the readings (dots) for bluestone plus 
Spreader used as an eradicant are given. In all cases the straight line best fitting the 
average results is imh^ted. The Bordeaux mixture was prepared from equal parts of 
bhi^tone (CuS 04 ’ 5 Ha 0 ) and line (CaO), and the dosage is the percentage of bluestone 
in the final spray. ” 
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cation of water. While these assumptions are not justified under all con- 
ditions, their acceptance is believed to introduce no errors of consequence 
in the present study and data for water only will be presented here, though 
deposit data have been collected for lime-sulphur, Bordeaux,, and Burgundy 
sprays. Weighed single leaves held in a vertical position were sprayed -with 
a DeVilbiss atomizer with 35 lb. air pressure at a distance of about 10 inches 
until maximum deposit appeared to have been reached and runoff had just 
started and the leaf was again weighed. The leaf area was measured with 
a planimeter and the spray deposit was calculated as grams of wet spray per 
square decimeter of leaf surface. Glyceryl alkyl resin (B1956 spreader of 
Kohni and Haas Co.) was used as a spreader and the quantitative effect of 
spreader on deposit was determined. Average results of one test in tripli- 
cate are in figure 1. Water alone gave a deposit of 2.6 g. per sq. dcm. on the 
lower surfaces of cantaloupe leaves, which were poorly wetted but retained 
the water in large drops before runoff. Addition of 0.003, 0.01, and 0.03 per 
cent spreader improved the wetting of the leaves and reduced the deposit. 
With 0.03 per cent spreader there was apparently perfect wetting and a 
deposit of 1.2 g./dcm.-; and further addition of spreader had no apparent 
effect. Similar additions of spreader iiad similar relative effects on the 
deposit on the upper surfaces of caiitaloupe leaves and on the upper and 
lower surfaces of bean leaves, though the actual deposit was lower on these 
surfaces. A concentration of 0.05 per cent glyceryl alkyl resin was there- 
fore arbitrarily chosen as the dosage to be used in tests where the addition of 
spreader was involved, and spraying was always continued until runoff had 
begun. 

BLUESTONE INJURY TO FOLIAGE 

Spray injury was quantitatively determined by spraying healthy plants 
with a seiies of dosages of the test spray and weighing the foliage after maxi- 
mum injury had developed. This was usually 5-10 days after spraying. 
The reduction in green weight was a measure of spray injury. Detailed 
results of spray injury to beans from bluestone plus spreader in 11 tests in 
the greenhouse are in figure 2 and the data show considerable variation, but 
significant injury did not result until concentrations of 0.1 per cent blue- 
stone and above were used. For convenient comparison with the data on 
eradication of bean powdery mildew, the average data on injury to bean 
foliage from bluestone with and without spreader and from Bordeaux with 
and without spreader are expressed in figure 3 as the nearest straight line 
on a logarithmic probability scale (10). To produce 5 per cent reduction 
in green weight required a spray dosage of 0,062 per cent bluestone without 
spreader, 0.11 per cent bluestone with spreader, 0.27 per cent Bordeaux with 
spreader, and 0.77 per cent Bordeaux without spreader. The greater injury 
from bluestone without spreader than from bluestone wdth spreader is proba- 
bly due to the greater deposit without spreader (See figure 1), but the cause 
of the greater injury from Bordeaux with spreader than from Bordeaux 
without spreader is undetermined, 
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Plant injury was also estimated in some tests on a scale of 0 to 100 in 
which 0 indicated no injury and 100 indicated death of all leaves. Data 
from all tests of host injury with bluestone sprays with and without spreader 
are in table 1. With beans it w'as found that the rating and weighing- 
methods gave similar results. Spray concentration for 50 per cent injury 
ranged from a min iTimm of 0.035 per cent bluestone without spreader for 
greenhouse-grown mustard to over 10 per cent bluestone for garden beet in 
the greenhouse. With most plants the addition of a spreader increased the 
dosage necessary for 50 per cent injury. With peas in the greenhouse, how- 
ever-, bluestone spray with spreader caused more injury than bluestone spray 
without spreader. This probably was because practically no wetting of pea 

i 

TABLE 1 . — Foliage injury from ‘bluestone spray 


Plant 

Location 

Ho. 

of 

tests 

Method of 
estimating 
injury 

Bosage (per cent blue- 
stone in spray) for 

50 per cent injury 

Without 

spreader 

With 0.05 
per cent 
spreadera 

Bean 

Greenhouse 

11 

weight 

0.66 

1.2 

do 

do 

3 

rating 

0.5 

1 

do 

Pield 

1 

do 

0.8 

1.8 

Cucum'ber 

Greenhouse 

6 

weight 

0.5 

1.0 

do 

Pield 

1 

rating 

0.3 

0.8 

Cantaloupe 

do 

1 

do 

0.3 

0.8 

Gardenbeet 

Greenhouse 

I 

do 

> 10 

>10 

Grape 

Field 

1 

do 

3 

4 

Pea 

Greenhouse 

2 

weight 

10 

3 

do 

Field 

1 

rating 

1 

2 

Hop 

do 

1 

do 

1.8 

1.8 

Mustard 

Greenhouse 

2 

weight 

0.035 

0.15 

Potato 

do 

1 

rating 


1.5 

Tomato 

do 

2 

do 


1,5 

Bose 

Field 

1 

do 

1 

1 

Apple 

do 

1 

do 


> 0.3 


» Glyeeryi alkyl resin. 


leaves occurred unless a spreader was added. With increasing amounts of 
spreader (0.05, 0.15, and 0.45 per cent) added to bluestone solution, injury 
to peas in the greenhouse was progressively increased. With peas in the 
field, however, where the foliage was less difficult to wet, injury was appar- 
ently greater without a spreader than with one. Foliage injury from blue- 
stone sprays is greater when the spray dries slowly than when it dries 
rapidly, is greater from applications to the lower leaf surface than from 
applications to the upper leaf surface, and is greater on mildew-infected 
than on healthy plants. Many other factors are probably important in 
determining the severity of leaf injury from bluestone. On one occasion 
(Dec. 31, 1944) greater injury to greenhouse beans resulted from an appli- 
cation of 1 per cent Bordeau^c than from 1 per cent bluestone, and in several 
tests greater injury has resulted from Bordeaux without spreader than from 
Bordeatix with spreader. 
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eradication op powdery mildews 

The infected plants were sprayed with the test fungicide, and the amount 
of living mildew on check and treated plants was estimated 5 to 10 days 
after spraying on an arbitrary rating scale of 0 to 10 in which 0 indicated 
no mildew present and 10 that the leaf surface was entirely covered. The 
mildew present before spraying, but killed by the spray treatment, was 
usually still apparent on the leaves at time of recording the incidence of 
mildew, but was easily distinguished from the living mildew and was not 
included in the record. In some tests the mildew colonies were counted on 
unit areas and the counting method gave results parallel to the rating 
method; but a lower dosage of inoculum was necessary for the counting 
method because with heavy inoculation the powdery mildew colonies merged 
and eonld not be individually distinguished with the unaided eye by the time 
infection became evident. Upper and lower leaf surfaces were rated sepa- 
rately. Control was calculated by expressing the difference in rating be- 
tween treated and check plants as a percentage of the rating for the cheeks. 

Average results, presented as the best straight line fitting the data on a 
logarithmic probability scale (10) for greenhouse tests of the eradication of 
bean powdery mildew where a range of concentrations of hluestone and Bor- 
deaux with and without spreader was applied 4 to 8 days after inoculation 
are in figure 3 and the detailed values for hluestone plus spreader are indi- 
cated. In this figure are also given the data on injury to healthy beans by 
these same sprays. Since the four curves for eradication are apparently 
approximately parallel, and the four curves for injury are also approxi- 
mately parallel, all materials can be conveniently compared for eradication 
and injury; and the intersection points for eradication and injury by the 
same materials, indicated as circles, ofier a good basis of overall comparison 
of the four sprays studied here. Bluestone plus spreader required a spray 
dosage of only 0.042 per cent bluestone for 95 per cent control by eradication 
while bluestone without spreader, Bordeaux plus spreader, and Bordeaux 
without spreader required about 2.5, 6, and 18 times this dosage, respectively, 
for equivalent control under these conditions. It is, of course, the balance 
between plant injury and disease ineidence (as affected by eradication in 
this case) which is the best index of merit of a material, and which deter- 
mines the better of a group of fungicides. For results as presented in fig- 
ure 3, the lower the level of the intersection point of the control and injury 
curves, the lower the total of disease plus injury at that and similar dosages ; 
and if low percentage disease and low percentage injury are of equal quanti- 
tative merit, the optimum dosage will be indicated by the point of inter- 
section of the control and injury curves, disregarding such factors as cost 
of materials. On this basis as well as on the basis of the lowest dosage for 
control, bluestone plus spreader was the most effective of the four sprays 
compared. The optimum concentration of bluestone plus spreader was 0.06 
per cent bluestone which was associated with 2 per cent disease and 2 per 
cent injury, the optimum concentration of bluestone without spreader was 
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0.08 per cent bliiestoiie which was associated with 8 per cent disease and 8 
per cent injury, the optimum concentration of Bordeaux plus spreader was 
0.4 per cent Bordeaux which was associated with 3 per cent disease and 3 per 
cent injury, and the optimum concentration of Bordeaux without spreader 
was 0.8 per cent Bordeaux which was associated with 4 per cent disease and 
4 per cent injury. Increasing the dosages above these would decrease the 
disease (or increase the control by eradication) but the increase in injury 
would be greater than the decrease in disease. For example, 0.1 per cent 
bluestone with spreader would give about 0.7 per cent disease and 5 per cent 
injury, or a total of 5.7 per cent disease plus injury, while at the optimum 
dosage of 0.06 per cent bluestone plus spreader the disease plus injury was 
only about 4.8 per cent. The specified values are not sufficiently significant 
that cliflerences of such small magnitude due to spray dosage can be ex- 
pressed with any degree of certainty, but the principle would appear valid 
for this or smaller or greater differences. 

Fewer and less detailed studies of bluestone plus spreader as an eradicant 
spray have been made on the powdery mildews of cucumber, cantaloupe, 
mustard, grape, rose, peach, and apple, and in all cases approximately per- 
fect eradication of powdeiy mildew^s was secured with approximately 0,1 
per cent bluestone plus spreader. 

With rose powdery mildew, plants of the varieties Night, Crimson Glory, 
and Rose Picture, grown 8 feet apart in a field plot at Albany, California, 
were sprayed or dusted May 10, May , 29, June 21, and July 12, 1944, with 
0.01 per cent bluestone plus spreader, 0.03 per cent bluestone x'>lns spreader, 
0.1 per cent bluestone plus spreader, 1 per cent lime-snlphirr plus spreader, 
and sulphur dust, in a non-replicated series, and 4 cheeks of each variety 
were maintained throughout the plot. Mildew severity was rated May 15, 
July 3, and July 17, and 99.8, 100, 100, 97.3, and 100 per cent control, respec- 
tively, resulted from these treatments. Mildew was present, but not severe, 
on all check plants. There was no plant injury apparent from sulphur dust 
or 0.01 per cent bluestone, but 0.03 per cent bluestone caused slight injury 
noticeable on Rose Picture only, while 0.1 per cent bluestone caused injury 
estimated at about 10 per cent on all varieties. Even this amount of injury 
could easily have been overlooked. 

OTirER FORMS OF COPPER AS ERADICANT SPRAYS 

Sprays containing the soluble coppers, copper sulphate, copper nitrate, 
copper chloride, copper acetate, and copper-ammonia mixtures have been 
compared with sprays containing the relatively insoluble coppers, Bordeaux, 
Burgundy, cuprous oxide, copper phosphate, copper carbonate, and copper 
arsenite for the eradication of bean powdery mildew in the greenhouse. In 
general, the soluble coppers were eradicant at lower dosages than the insolu- 
ble coppers, and copper nitrate, copper chloride, and copper acetate were 
similar in effeetiveness to copper sulphate. Burgundy mixtures containing 
one and one-half parts of sodium carbonate for each part of bluestone were 
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effective at lower dosages than the same concentrations of copper as Bor- 
deaux containing equal amounts of blnestone and lime. With varying hlne- 
stone : lime ratios the eradieant value of Bordeaux decreased as the amount 
of lime in the spray increased. 

NON-TOXIOITY OP BLUESTONE TO POWDERY MILDEW CONIDIA 

Conidia of Erysiphe polygoni from bean and from mustard dusted on 
the surface of 10 per cent copper sulphate solution germinated to the extent 
of 17 and 28 per cent, respectively, when controls on water germinated to 
the extent of 28 and 46 per cent, respectively, in the average of two tests. 
The conidia remained on the surface of the liquid and were not readily 
wetted and the germ tubes frequently came in contact with the blnestone 
solution without apparent injury, except that they were somewhat shorter 
than on water. When wetting agents were added to blnestone solutions of 
similar or lower strength, germination of conidia of bean mildew was pre- 
vented, but the wetting agent alone in water inhibited germination, and it 
was not detei^mined to what extent the inhibition of germination was due to 
blnestone or to spreader. However, in view of these results the writer feels 
that with powdery mildews, as with downy mildews (12) and rusts (14), 
tests of the effect of chemicals on the germination of spores on glass are of 
relatively little value in appraising chemicals for the control of these diseases. 

EPPECT OP AGE OF INFECTION ON THE SUSCEPTIBILITY OP POWDERY 
MILDEWS TO ERADICATION BY BLUESTONE SPRAY 

Age of infection is defined for purposes of this paper as time from inocu- 
lation. Beans and cucumbers artificially inoculated with their respective 
powdery mildews were sprayed with a range of concentrations of blnestone 
pins spreader at various intervals. For each concentration series the con- 
centration of blnestone for 95 per cent eradication was determined by plot- 
ting the observed results on a logarithmic probability scale (10) . The LD95 
(dosage for 95 per cent control) for different ages of infection, as determined 
in 5 tests with bean powdery mildew and in 3 tests with encumber powdery 
mildew (Fig. 4), decreased from about 0.3 per cent blnestone with spreader 
at 2 hours (0 days) to about 0.03 per cent at 8 days from inoculation. This 
increasing sensitivity of powdery mildews to blnestone as the age of infection 
is increased is the opposite of what was expected, but might be considered 
in accord with the results on spore germination in vitro already presented, 
since it has been shown that blnestone was relatively non-toxic to germi- 
nating conidia. 

Results of three tests of the effect of age of infection on the LD95 for 
lime-sulphnr spray performed concurrently with the bluestone are also pre- 
sented in figure 4. According to these data bean powdery mildew becomes 
increasingly resistant to lime-sulphur as the infections become older, or the 
tendency is the opposite to that with bluestone. The results with lime-sul- 
phnr cannot be considered conclusive, however, since this tendency was not 
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corroborated in two other tests, not run concurrently with the tests of blue- 
stone. 

EFFECT OF TIME OF DAY WHEN SPRAYS ARE APPLIED 

Eesults of tests to determine the effect of time of day of spraying on the 
eradicant value of bluestone plus spreader applied 4 to 8 days after inocula- 
tion in 3 greenhouse tests with bean powdery mildew, 2 tests with cucumber 
powdery mildew, and 3 tests with cantaloupe powdery mildew are in figure 5. 
The average LD95 for bluestone with spreader for bean powdery mildew, 
presented as a smooth curve, ranged from a maximum of 0 05 per cent blue- 
stone at 12 p.m. to a minimum of about 0.01 per cent at 12 noon. The limited 
number of tests, the variability of the data, and the apparently higher LD95 
values secured in the tests summarized in figure 3 should be emphasized in 
considering the reliability of this apparent diurnal variation in the suscepti- 
bility of bean mildew to eradication by bluestone. In 2 tests each with 
cucumber powdery mildew and cantaloupe powdery mildew, tendency to- 
ward diurnal difference was not clearly apparent 

LOW PROTECTIVE ACTION OF COPPER SPRAYS 

Most copper sprays or dusts tested to date have had little protective 
action against the powdery mildews studied, while sulphur sprays and dusts 
have had marked protective as well as eradicant action. Evidence of the 
greater eradicant than protective action of copper sprays and even of the 
stimulation of bean powdery mildew by protective applications of Bordeaux 
mixture has already been presented (13), but further data on protection 
derived from copper sprays will be presented here. 

Eesults secured in protection spray tests with powdery mildews depend 
on the method of inoculation to a much greater extent than do results in 
eradication tests. The method of inoculation adopted as standard for tests 
in the greenhouse has been spraying of the test plants in the afternoon with 
a water suspension of powdery mildew conidia. On plants that had not 
received protective applications of fungicides, this method of inoculation has 
yielded heavier and more uniform infection of upper and lower leaf surfaces 
than any other method, though inoculation by dusting conidia direct from 
infected to healthy plants has usually resulted in heavier inf ection on the 
upper leaf surface, especially on plants treated with a protective fungicide. 
Powdery mildew conidia are normally and successfully disseminated in 
nature by being blown by air currents from a dry infected surface to a dry 
noninfected surface, therefore, inoculation by spraying plants with a spore 
suspension is unnatural. Furthermore, water is directly injurious to powdery 
mildews (11), especially at high impact pressures, and copper fungicides 
may be more toxic to powdery mildews in the presence of free water than 
in its absence (13). 

Despite the admitted objections to the method, most studies of protective 
and eradicant sprays for powdery mildews have involved spraying with a 
spore suspension as a method of inoculation. In 6 closely comparable tests, 
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the LD95 for bluestoiie plus spreader against bean powdery mildew was 
about 3 per cent blnestone for protection (determined by extrapolation, since 
blnestone caused so severe host injury that protection was difficult to deter- 
mine at dosages above one per cent) and about 0.03 per cent blnestone for 
eradication; or the dosage for equivalent control by eradication was only 
about one one-hundredth that required for protection. In similar tests the 
LD95 for Bordeaux plus spreader was about 1.5 per cent for protection, and 
0.4 per cent for eradication. Blnestone without spreader, Bordeaux with- 
out spreader, Burgundy mixture, cuprous oxide, and lime-sulphur have also 
been better a>s eradieant than as protective sprays though in no ease was the 
difference as great as with blnestone. Emulsified cottonseed oil (tested in 2 
paired comparisons at 3 dosages only) is the only spray tested which has 
given greater control by protection than by eradication. Tests of the same 
materials for cucumber powdery mildew indicate that with this disease also 
sprays are usually more effective as eradicants than as proteetives. 

When inoculation has been by dusting the sprayed plants with dry 
powdery mildew eonidia, control by protective sprays has been even less than 
when inoculation was by spraying with a spore suspension, 

increase IN GREEN WEIGHT AND YIELD OF SPRAYED PLANTS 

The relation of dosage of blnestone spray to control of powdery mildew 
and to green weight and yield of plants has been measured in greenliouse 
and field tests with bean powdery mildew, cucumber powdery mildewq and 
eantaloupe powdery mildew. Results of some representative tests are given 
in figures 6-9, In the test represented in figure 6, duplicate 4-ineh pots of 
two bean plants each were inoculated with powdery mildew on January 7, 
ten days from seeding on December 28, 

On January 14, 7 days from inoculation, the growing point of each bean 
plant, that is, the growth beyond the inoculated primary true leaves, was 
removed, and the plants were sprayed with a series of concentrations of blue- 
stone plus 0,05 per cent spreader. On January 20, 6 days after spraying 
and 14 days after inoculation, the severity of mildew on the upper and lower 
suiTaees of the leaves was rated, and the average results are in figure 6 as 
the curve mildew— 6 days.^’ Eight days later (mildew — 14 days) mildew 
had increased considerably on all sprayed plants. The mildew on the plants 
treated with 0.1 and 0.3 per cent blnestone was probably due to reinfection 
after spraying. On Januaiy 31, 17 days after spraying, the new growth 
(axillary shoots) which had formed in the axils of the two primary true 
leaves since spraying was cut off and weighed, and it is indicated in figure 6 
as green weight. This green weight varied in a fairly straight line relation 
from 0 grams on the similarly decapitated cheek plants to 3.64 grams on the 
plants sprayed with 0.3 per cent blnestone. At this time the primary leaves 
of the check plants and those sprayed with 0.003 per cent blnestone, all 
heavily infected, were dead. 

In another similar test, beans seeded in the greenhouse, February 10, and 
inoculated February 21, were shaken oecasionally to secure a fairly heavy 
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reinfection of the new growth. On February 29 the growing points of the 
plants were removed and the plants, in duplicate pots, were sprayed on Feb- 
ruary 29, March 6, March 26, and April 7 with spreader only, 0.001 per cent 
bluestone plus spreader, 0.003 per cent bluestone plus spreader, 0.01 per cent 
bluestone plus spreader, 0.03 per cent bluestone plus spreader, 0.1 per 
cent bluestone plus spreader, and 0.3 per cent bluestone plus spreader. The 
controls were unsprayed. On April 19, all leaves on the unsprayed plants 
were dead and the green weight of leaves plus fruit of the sprayed plants 
Increased from 5.9 g. per plant for the plants sprayed with spreader only 
to 31.5 g. for plants sprayed with 0.03 per cent bluestone, but was only 15.5 g. 
for plants sprayed with 0.3 per cent bluestone. Records of mildew infection 
showed a progressive reduction in mildew with increasing concentration up 
to 0.1 per cent bluestone, which gave perfect eradication under these con- 
ditions. 

The procedure of removing the growing j)oint of each plant soon after 
inoculation, as in the two tests just reported, usually results in differences in 
green weight yield due to mildew infection and due to control of mildew 
which are greater and appear sooner than in non-decapitated plants, though 
differences of similar direction but lower magnitude resulted from the use of 
non-decapitated plants. 

While bean powdery mildew apparently can be easily and thoroughly 
controlled by the use of bluestone spray in the greenhouse and in the field, 
this spray treatment gives no better control and is more laborious to apply 
than the standard dusting with sulphur. Bean powdery mildew lends itself 
more easily to intensive greenhouse study than any other powdery mildew 
known to the writer, and it is believed that results secured with this disease 
will apply in large part to many other powdery mildews, some of which can- 
not be commercially controlled with sulphur dust. Such a disease is canta- 
loupe powdery mildew, because cantaloupes may be severely injured by 
sulphur dust (5) as well as sulphur-containing sprays. Data of a compara- 
tive test of lime-sulphur and bluestone sprays for the control of cantaloupe 
powdery mildew in the greenhouse are in figure 7. Cantaloupes seeded in 
4-inch pots December 20 were placed under conditions of moderately heavy 
infection from older infected plants, 6 replications were sprayed with each 
dosage of lime-sulphur and bluestone (plus 0.05 per cent spreader in all 
cases) on January 20, February 5, and February 25, and the green weight 
of the leaves was determined on March 11. For the dosages chosen, approxi- 
mately equivalent mildew eradication was secured when bluestone was com- 
pared with lime-sulphur of about 10 times the dosage. With bluestone the 
green weight of the plants increased with increasing bluestone dosage and 
decreasing mildew up to 0.03 per cent bluestone, but then fell at 0.1 per cent 
bluestone. With lime-sulphur on the other hand, yield increased with 0.1 
per cent lime-sulphur but was less with applications of 0.3 and 1 per cent 
lime-sulphur because of plant injury (Fig. 7). 

In field tests, differences in mildew and in yield due to spray treatment 
have been less than in greenhouse tests. Kentucky Wonder beans seeded in 
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hills May 6 were inoculated occasionally by dusting lightly with conidia from 
greenhouse plants and were sprayed in 7 replications on July 29 and Sep- 
tember 7 with the materials indicated in figure 8. Mildew did not become 
severe, but marked control was secured with all treatments, though perfect 
control was secured only with 0.2 per cent bluestone plus spreader and with 
sulphur dust. Yields of green beans were recorded August 19, September 3, 
13, and 27, and October 8, The highest total yield was from plants sprayed 
with 0.025 per cent bluestone plus spreader, but 0.025, 0.05, and 0.1 per cent 
bluestone all resulted in a higher yield than the check, and the relative 
increase was greatest in the last two pickings on September 27 and October 8. 

With cantaloupe, previous tests had adequately demonstrated the danger 
of severe host injury from standard sulphur dusts and sprays and only 
bluestone (with 0.05 per cent spreader) was used in the 1943 tests. Canta- 
loupes seeded May 6 were artificially inoculated several times and were 
sprayed in 5 replicates of each treatment on August 8 and August 25. Mil- 
dew w^as severe and sprays containing 0.025 to 0.2 per cent bluestone gave 
marked control (see figure 9) which increased with dosage but was not per- 
fect even with 0.2 per cent bluestone. Fruit yield was determined on Sep- 
tember 3, 13, and 23, and October 1. Bluestone apparently delayed ma- 
turity and, on September 3 and 13, the fruit yield was greater on the check 
than on the treated plots (data not given in figure 9). The total yield, how- 
ever, was greater for treated than for check plots. The most striking effect 
of spraying on yield was apparent at the final harvest on October 1, when 
the yield per hill ranged in a smooth curve from 0 for the control vines, 
which were mostly dead, to 3.52 lb. per hill for the vines treated with 0.2 per 
cent bluestone. 

Field tests with encumber powdery mildew in 1943 gave results similar 
to those presented for cantaloupe, except that the disease was not so severe 
and the yield increase from the treatments was less than in the case of 
cantaloupes. 

DISCUSSION 

Some explanation should be offered why a method of powdery mildew 
control reported in 1861 and neglected for 80 years should be revived in 
1945. In the first place no one seems to have tried Radclyffe’s bluestone 
treatment adequately and reported results, and Radelyffe^s procedure was 
in part discredited by the warning of an anonymous writer as well as by the 
general knowledge of the injurious action of bluestone on foliage. Rad- 
clyffe’s dosage, though not accurately stated, was much too strong. Also, his 
method of application was inefficient and his mixture lacked a spreader. 
The absence of a spreader in bluestone spray made it the poorest of the four 
spray mixtures compared in the present work (Fig. 3). Most important of 
all, perhaps, is the fact that sulphur dust for the control of powdery mildew 
was becoming well known in Radclyffe^s time and, on plants tolerant to sul- 
phur, no more efficient fungicide is yet known. 

The suggestion in this paper that bluestone plus spreader is an effective 
practical control for several powdery mildews is limited to those cases where 
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sulphur dust or liiue-sulphur are iiijui-ioiis to the host or give inadequate 
control. The best example ot limitation of the use of sulphur because of 
host injury is eautaloupe powdery mildew (5), but there are undoubtedly 
others. No examples of failure to control powdery mildews with sulphur 
dust are known to the writer with certainty, but many have been indicated 
by observers. Such is indicated by Jacob (3) for established infections of 
grape powdery mildew and he recommends potassium permanganate plus 
sodium silicate and sodium bicarbonate. In tests by the writer, not reported 
here, bluestone plus spreader has proved a more effective eradicant for 
powdery mildews than the permanganate mixture. Many other spray ma- 
terials, water alone, sea water, and solutions or suspensions of sodium car- 
bonate, sodium bicarbonate, potas.sium hydroxide, nitric acid, sulphuric acid, 
sodium thiosulphate, ferrous sulphate, mercuric chloride, sodium silicate' 
zinc sulphate, vegetable, animal, and mineral oils, soaps, and materials used 
as spreaders have been tested, but none has been as effective at as low concen- 
trations as bluestone plus spreader. Bluestone plus spreader has relatively 
little protective action, but effective practical control seems to be possible 
from its eradicant action alone. 


SUMMARY 

Addition of spreader to water sprays decreased the deposit but increased 
the coverage on cantaloupe and bean leaves. Wet spray deposit on lower 
leaf surfaces of cantaloupe decreased from about 2.6 g. per sq. dem. when 
sprayed without spreader to 1.25 g. per sq. dem. when spreader was added 
to the spray 5 and on lower leaf surfaces of bean the corresponding decrease 
was from 1.5 g. to 0.5 g. per sq. dem. 

Injury from bluestone sprays was measured on field- or greenhouse-grown 
bean, cucumber, cantaloupe, beet, grape, pea, hop, mustard, potato, tomato, 
rose, and apple foliage. The concentration of bluestone spray to cause 50 
per cent injury varied from a minimum of 0.035 per cent bluestone for 
mustard to a maximum of over 10 per eent bluestone with beet. Bluestone 
injury was msually less when a spreader was added to the spray but Bor- 

beans was greater when a spreader was 
added. _ A 50 per cent injury to bean required about 10 times as much 
copper in the form of Bordeaux as in the form of bluestone. 

Eradication of bean powdery mildew was secured at lowest copper 
dosages with blue Jone plus spreader. For 95 per cent eradication a spray 
containing about 0.04 per eent bluestone plus spreader was required, whill 
. milar control required about 2.4 times as much copper in the form of blue- 
stone without spreader, 6.4 times as much in the form of Bordeaux plus 
^reader, and 18 times as much in the form of Bordeaux without spreaLr. 

n the basis of maximum control with minimum injurv, 0.06 per eent blue 
stone plus spreader was the most effective spray, follow;d in orL by 0 4 per 
cent Bordeaux plus spreader, 0.8 per cent Bordeaux without spreader and 
a08 per cent bluestone without spreader. The other soluble coppers (copper 
chloride, copper nitrate, and copper acetate) appeared to be about equaHo 
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copper siilpliate as eradieant sprays, but all insoluble coppers inelixding 
Bordeaux, Burgundy, cuprous oxide, basic copper sulpliate, copper oxychlo- 
ride, and copper carbonate were distinctly less effective. Bluestone plus 
spreader was also superior to several other non-sulphur and non-copper 
chemicals tested. 

Conidia of Erysiphe polygoni from bean and from mustard germinated 
well on the surface of solutions containing 10 per cent bluestone. 

The spray concentration necessary for 95 per cent eradication of bean 
powdery mildew and cucumber powdery mildew decreased from a maximum 
of about 0.3 per cent bluestone applied at time of inoculation to about 0.03 
per cent bluestone applied 8 days after inoculation. Eradication of bean 
mildew was secured from lower concentrations of bluestone spray applied 
during the day than from applications at night. 

Heavier dosages of most sprays were necessary for protection than for 
eradication. For 95 per cent control about 100 times as much bluestone was 
necessary in a protective application as in an eradieant application. 

The green weight of foliage and the yield of fruit on bean, cucumber, and 
cantaloupe plants on which powdery mildew was controlled with eradieant 
applications of bluestone plus spreader in greenhouse and field tests was 
greater than on similar unsprayed plants. 

Division of Plant Pathology, 

University of California, 

Berkeley, California. 
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TIP BURN OP SUGAR BEET WITH SPECIAL REFERENCE TO 
SOME LIGHT AND NITROGEN RELATIONS 

J. M. PiFE AN-B Eubanks Carsneri 
(Accepted for publication June 28 , 1945) 

Tip burn of sugar beet is a disease believed due to excessive accumulation 
of a substance or substances normally present in the plant. It has not been 
so diagnosed previously. Boncquet (1), in a paper concerned chiefly with 
curly top, described it incidentally and briefly under the designation 
black edge’' or ^ ‘black tip.” He at first thought it one of the types or 
stages of curly top, but later concluded that it was not. Robbins (2), in 
a study of sugar-beet mosaic, gave a somewhat more extensive description 
of tip burn which he regarded as an aspect of the mosaic. 

DESCRIPTION OF SYMPTOMS 

The symptoms of tip burn on vegetative beets in the field are distortion 
of the blades and death of more or less of the edge tissue often including the 
tip. The leaf blades may be cupped doAvnward or in some plants the 
margins may be drawn in an upward curl. Frequently the leaf tissue 
between the large lateral veins becomes puffy and the blades then have a 
corrugated appearance. Much of the malformation of leaf blades appears 
to result from a greater retardation of growth of the vascular system than 
of the mesophy 11 tissue. The necrotic edges are tightly stretched. Often 
the tissue adjacent to the dark brown or black edges is yellow. These 
symptoms are usually on mature or nearly mature leaves. Occasionally, on 
plants where some of the larger leaves have these symptoms, the younger 
leaves may have severely truncated blades with blackened edges or even 
merely petioles with blackened tips (Fig. 1). 

Affected beet plants with the characteristic downward cupping and 
necrosis on the edges of intermediate-aged leaves often have other symptoms 
that manifest early phases of tip burn (Fig. 2). Leaves younger than those 
with the conspicuous cupping may be blanched a yellowish green, with in- 
conspicuous brown flecks, at the edges and tips. The marginal tissue so 
affected later dies and turns black. Development of these and other 
symptoms of tip burn seems to depend mainly on the duration of the con- 
ducive conditions. 

Mother beets, especially when grown for seed in the greenhouse during 
winter, may have severe symptoms of types noted for vegetative beets and, 
in addition, the tips of the terminal or apical flowering shoot often blacken 
and die (Fig. 2). 

Complete recovery is a regular characteristic of tip burn. The sub- 

1 Biochemist and Senior Pathologist, respectively, Division of Sugar Plant Investiga- 
tions, Bureau of Plant Industry, Soils and Agricultural Engineering, Agricultural Re- 
search Administration, United States Department of Agriculture. 
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seqnently developed leaves in vegetative beets or leaves and axillary shoots 
in flowering beets are entirely normal (Fig. 3). 

Tip burn has also been observed on Swiss chard. 

Sugar beet tip burn must be distinguished from injury induced by an 
insect, Lygus spp. Potato tip burn (3) and hopper burn (4)* present an 
analogous situation. Tips of Lygus-affected sugar-beet leaves wilt, die, and 
darken, and often a good deal of the adjacent tissue turns yellow. Such 
symptoms accompany dark swollen lesions or open scars on the midribs and 
petioles resulting from the feeding punctures. Usually also there is some 
distortion of the affected leaves associated with the bending of the midrib 


where severely injured. Lygus injury and tip burn can be readily dis- 
tinguished if one becomes familiar with both. 


DISTRIBUTION 

Tip burn has been observed on sugar beets in the field in California, 
Oregon, Washington, Idaho, Utah, Colorado, and Arizona. It probably 
occurs wherever sugar beets are grown, the extent or amount varying with 
local conditions. On mother beets in the greenhouse it has been seen or 
reported in Utah, Wyoming, Colorado, Minnesota, and California. 


IMPORTANCE 


The economic importance of sugar-beet tip burn as a disease is almost 
negligible. It usually occurs as merely a temporary disturbance in large, 
vigorous beets. It has not been observed, as is sometimes the case with 


Fig. 1. Sugar-beet leaves with some of the symptoms of tip burn. Leaves distorted 
with blanched constricted margins and early stages of edge and tip necrosis. Leaves col- 
lected from highly fertilized field planted in September near Riverside, California. Photo- 
graphed December 29, 1943. 




PhYTOPATHOIjOGY 


lettuce tip burn, to open the way for secondary rotting organisnas of impor- 
tance. It does sometimes objectionably retard development of mother beets 
being grown in the greenhouse for breeding purposes. 

EXPERIMENTAL WORK AND RESULTS 

Sigh Nitrogen Fertility 

Many field observations by the junior author, beginning in 1917, on the 
occurrence of tip burn under conditions of high fertility led to the con- 


... ?• Tip barn of sugar beet experimentally induced by high nitrogen fer- 

tmzatiou in, the field followed by growing the plant in greenhouse under strongly reduced 
light. Several leaf blades are severely truncated. Large leaf at upper right shows puffy 
or swollen appearance of mesophyll tissue between larger veins. Photographed January 
4, 1944. Light Tip burn on end of sugar-beet seed stalk showing blackened tip of cen- 
tral stalk and several adjacent petioles with blackened tips but without blades. Normal 
young leaves on rudimentary axillary shoots are forerunners of recovery. Plant grown 
^ OorvalliSj Oregon, and transplanted to cool greenhouse in Salt Lake 

City, Utah, on March 10, 1944. Photographed April 15, 1944. 

elusion that the trouble is associated with very vigorous growth.^ Be- 
pealed efforts were made in the field and the greenhouse to induce or in- 

2 Chiles IMee, of this same field station, observed in 1932 at Hemet, California 
that tip bum was more prevalent and more severe in experimental plots that received 
heavy applications of nitrogenous fertilizer than in a nearby commercial field in which 
little or no comnKjreial fertilizer was applied. He also observed at Chino, California, the 
same year, that tip burn was severe on nearly all beet plants growing in an abandUed 

small percentage of the beets growing immediately outside this 
area were anected and the symptoms were relatively mild. 







crease the severity of tip burn by heavy nitrogen fertilization in various 
ways. These gave negative or inconclusive results, though in some instances 
symptoms thought to be precursors of definitely diagnostic symptoms were 
noted. The negative results of various other types of nutritional experi- 
ments together with the fact that complete recovery consistently occurs with- 
out artificial treatment indicated that tip burn is not due to a nutrient 
deficiency but rather to normal constituents of the plant temporarily present 
in such high concentrations as to be toxic. 


Fig. 3. Becovery from tip 'bwcn. Tip and terminal leayes of apical flowering shoot 
checked in growth and seyerely injured. Two axillary shoots at sides are developing 
normally. Plant overwintered in field at Corvallis, Oregon. Transplanted to cool green- 
house at Salt Lake City, Utah, March 10, 1944. Photographed April 15, 1944. 


The relation of nitrogen nutrition or high soil fertility to tip burn was 
tested at Riverside, California, in an experiment started October 10, 1941. 
Thirty-six plants of the self -fertile, uniform beet variety, S.L. 68, had been 
obtained in fine condition. These came from the curly-top-resistance breed- 
ing field, eonducted by Albert M, Mnrphy of this same Division, near Buhl, 
Idaho. The plants were from a spring planting on soil of medium f ertility. 

Ten of these plants were planted in ordinary potting soil and placed in 
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a warm greenhouse. Thirteen of the plants were set out in an outdoor bed 
in unmanured soil of low fertility. The other thirteen were planted in 
another outdoor bed with similar exposure but in fertile soil heavily 
manured. ^ 

On November 13, thirty-four days after the beets were set out, the plants 
in the greenhouse were developing normally. Growth of the plants in the 
two outdoor beds had been retarded by cool weather. Some of the plants 
in the unmanured bed showed “blackening of leaf edges suggestive of tip 
® plants in the manured bed had more blackened tissue alonff 
e leaf edges and were slightly darker green. Apparently symptoms of 
tip burn developed in both outdoor lots but to a somewhat greater deeree 
m the highly fertile soil. ^ 

On Maich 13, 1942, two of the thirteen plants in the low-fertility bed had 
tip-burn symptoms. Five of the thirteen plants in the high-fertility bed 
iiad tip-burn symptoms. 

On April 19, none of the plants in the low-fertility bed had tip-burn 

symptoms. Two of the plants in the high-fertility bed had definite tip-burn 
symptoms. ^ “ 

The evidence indicates that when the plants were set out some of them 

Tl e ™ adequate amounts to give rise to tip burn 

li t eMdence also indicates further accumulation of the tip-burn-inducing 
substances, when the plants were grown in soil of high fertUity. Eecoverf 
from tip burn was faster in the low-fei’tility soil ^ 

A somewhat comparable test with two levels of soil fertility in the same 
two outdoor beds was conducted with the variety S.L. 68 in 1943-1944 cippn 
™ planted in the two bed, on October 30, 1943. On January 26, ten pLte 
from each bed were transplanted to 8 -ineh pot, and then on F bruw 18 

and none of those in the greenhouse were so affected. ^ ^ 

Tins test also affords support for the idea 4 . 1 , 

Light Intensity 

Relatively low light intensity^ as a factor in tiA Tin,. i , 

f bJ- senL .Thor'In r®™ 

toujh B‘L”S}tea ‘A'’";" ■™'> 
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of 1943. That low light intensity is a factor was suggested by the fact that 
many mother beets and stecklings planted for another purpose at Eiverside, 
California, on February 3, 1943, had developed tip burn following prolonged 
cloudy weather. After the weather cleared no more tip burn developed. 
Another suggestive consideration was the fact that the disease had been ob- 
served in this locality more commonly in the spring, when there is a good 
deal of cloudiness, than in the clearer weather of summer. 

The low-light-intensity hypothesis was tested in a field experiment 
started May 19, 1943. The beets used were in a short row of the variety 
U.S. 15 in a plot planted November 7, 1942, for another purpose by Charles 
Price of this Division. The plants had been given uniform cultural care, 
up to April 22, 1943, and had been fertilized with sodium nitrate at about 
250 pounds per acre on January 11 and again on March 18. On April 22, 
a heavy application of ammonium sulphate was made to one third of the 
row; a similar amout of calcium nitrate was applied to a second third of the 
row; the remaining third of the row received no additional fertilizer. 
The fertilizer applications were repeated on April 26. 

Pour plants were defoliated in the section of row normally fertilized and 
four ill each of the two sections heavily fertilized. Two defoliated beets of 
each group of four were left in full sunlight. The other defoliated plants 
of each group were subjected to greatly reduced light intensity by inversion 
of a five-gallon paper ice-cream carton over each plant. Two openings 3 x 5 
inches had been cut in the sides of each carton near the bottom. These open- 
ing permitted some ventilation but were coverd with dark cloth to exclude 
most of the light. 

Tip-burn symptoms began to appear on the shaded, defoliated plants 
after ten days. Finally, all four of the shaded, heavily fertilized plants 
developed tip burn. Those that had received ammonium sulphate were 
more severely affected than those that had received calcium nitrate. The 
two shaded beets that received only normal fertilization did not develop 
tip burn. No tip burn occurred in the exposed, defoliated plants in all 
three sections of the row, nor in the nondefoliated plants in this row and in 
other parts of the field. 

Other beets from the same experimental row in the field were used in a 
second light-relationship experiment in the greenhouse. The plants were 
removed from the field on May 19, held under uniform conditions of cold 
storage until June 5, and then planted in pots in the greenhouse. Some of 
the plants were exposed to full sunlight while others were held in dense 
shade as in the field experiment. The plants that had been taken from the 
section of the row i^eeeiving only normal fertilization did not develop tip 
burn whether exposed or shaded. The plants from the two sections given 
additional fertilization did not develop tip burn if exposed to the full sun- 
light but did develop the disease if shaded. 

The results of these two experiments prove that under conditions in- 
volved low light intensity was a controlling factor in the causation of tip 
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burn. The results also support, and confirm the earlier evidence that nitro- 
gen nutrition is a factor in tii)-burn causation. 

Additional field and greenhouse experiments were conducted to con- 
firm the evidence that low light intensity is a factor in the development of 
tip burn. The results with those of the first two experiments, proA'-ed that 
with beets preconditioned by grooving under conditions of high nitrogen fer- 
tility tip burn will develop if the beets are then grown under very Ioav lio-ht 
intensity. The results of these experiments are summarized in table 1. 

Plants fertilized with ammonium sulphate and exposed to full sun- 
light for SIX days and then placed in reduced light failed to develop tip burn 
Those similarly fertilized and exposed to full sunlight for three weeks and 
then placed in reduced light developed the disease. 

When plants were shaded for two months after severe symptoms of tip 
burn had developed, the symptoms on the leaves appearing later were pro- 

tip ^—Inflnence of low light intensity and nitrogen mitrition on sugar-heet 


Nitrogen nutrition 
preeonditioning 


Light intensity 


Moderate . 
High 


Place of 
testa 

Full sunlight 

Keduced sunlight 


Plants 

ti-eated 

Plants 

diseased 

Plants 

treated 

Plants 

diseased 

Greenhouse 

Field 

Greenhouse 

Meld 

No. 

8 

8 

59 

7 . 

.No. 

0 

0 

0 

0 

No. 

8 

8 

59 

7 

No. 

0 

0 

57 

7 


gressivej^ milder until finally leaves developed showing no evidence of tip 
n. This suggests that the substances involved in the development of tip 

burn ^ay b. » i„ ft, pl.„t ft ,ft,ift„ j, aftS»t,rtlS 

fttigh tW arf nr ‘‘''"’''’I’ wea 

tJiougil they are .still m a reduced light intensity 

oul “ tlie paper ice-cream cartons. Unbleached muslin bao's cheese 
cloth cages, and well-ventilated cardboard cartons were msed ^ke S 
ntensity under Ihe unbleached muslin bags, sufficiently loAi^oInduee J^r 

Si, T, fatLit/L a r “ly 

%h. ia ,yfte„ 
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covered by the cartons. Pyrheliometer records made by the same instrument 
on heavily overcast days in February and March showed that the light 
intensity for fully exposed plants was slightly lower for short periods of 
some days than under the muslin bags on bright days. 

Genetic Yariability 

Genetic variability also appears to be a factor in the response of sugar 
beets to the environmental influences conducive to tip burn. It has been 
consistently observed in fields with uniform fertilization and general 
cultural care that individual plants with tip burn are distributed at random. 
All varieties of sugar beets now in commercial use are highly heterozygous. 
Further evidence of the relation of genetic composition to tip burn has been 
afforded by the fact that among breeding stocks and commercial varieties 
studied under uniform environmental conditions there will be more cases 
of tip burn among the more vigorous or yield-type varieties, such as XJ.S. 
14, than among the less vigorous or sugar-type varieties, such as XJ.S. 15. 

Alternating Light Intensities 

The relation of alternation of light intensities to the development 
of tip burn and to recovery from the disease was tested experimentally. 
Plants that had been predisposed to tip burn from the standpoint of nitrogen 
nutrition were used. Such plants were alternate!}^ held for periods of two 
weeks or more in full sunlight and reduced light. (Table 2). Beets that 


TABLE 2. — The relation of alternating high and low light intensities to development 
of and recovery from tip hum 


Nitrogen 

fertilization 

treatment 

No of 
plants 
treated’ 

No. of plants with tip burn after successive treatmentsa 
at different light intensities 

Tull light 

Eeduced Pull light Eedueed Full light 

Moderate 

8 

0 

0 0 ... 

Heavy 

11 

0 

11 0 

Heavy 

5 

0 

5 0 5 0 


a The plants were held continuously under a given light intensity for 14 days or 
longer. 


had accumulated nitrogen reserves developed tip burn in low light intensity 
then recovered in high light intensity and then again developed tip burn 
if again held under low light intensity. 

Food Reserves 

The substances which are involved in the toxic reaction in tip burn 
probably accumulate with other reserves in the beet root. These substances 
manifest themselves through tip burn on large well-nourished beets when 
such plants are defoliated and shaded enough to retard or preclude photo- 
synthesis. Under such circumstances the toxic substances would appear 
to come from the roots. The fact that some defoliated beets that were grown 
in sphagnum moss were noted by Bennett of this Division to show tip burn 
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on tli6 116 W leaves suppoi’ts tlie idea that the toxic substances arise directly 
or indirectly from storage products in the roots. 

Movement of the curly-top virus in beets has been shown by Bennett 
(5) to be in the phloem and in the direction of flow of elaborated food. If 
the movement of food in a beet in reduced light is the result of mass flow of 
the fluid contents of the phloem from a point of high pressure (the root) to 
one of lower pressure (the top) any toxic substances present would move up 
with the sugars. 

Experiments were conducted to test the hypothesis that tip burn is 
dependent on the direction of flow of food in the plant Six large beet roots 
were potted and heavily fertilized. They were grown in full sunlight in the 
greenhouse until 15 or more leaves had developed. The three smallest 
inner leaves were then shaded with a muslin bag. The bag was so adjusted 
that all new leaves coming but later would be inside it. The remainder of 
the leaves were left on the plant and exposed to full sunlight. When 12 to 16 
leaves, all healthy, had developed in the reduced light under the muslin bags, 
adequate time for tip burn to develop, all the outer leaves and all but six 
of the smallest leaves which had developed under the bag were removed from 
the test plants. The six smallest leaves were kept in reduced light. The 
plants were kept shaded until 10 to 14 additional leaves had developed under 
the reduced light. All plants developed tip burn. The shades were then 
removed and the plants exposed to full sunlight. All plants then recovered. 
A control plant of the same lot left continuously in full sunlight remained 
healthy. 

A second test, in which 9 plants were used, was conducted in a similar 
manner. Cloudy weather prevailed for two weeks after the roots were 
potted and as a result all the plants had mild symptoms of tip burn on the 
first leaves that came out. This showed that all the plants were capable 
of developing tip burn. The weather then cleared and 16 to 20 new healthy 
leaves developed in full sunlight. The three smallest leaves of each plant 



were then shaded with a muslin bag. The plants were kept shaded until 
10 to 14 additional leaves had developed under reduced light. The outer 
leaves were removed from 5 plants while the remaining 4 plants served as 
controls. Tip burn developed on the plants from which the outer leaves 
had been removed. No tip burn developed on the controls. Then the leaves 
of the 4 control plants were also removed. These all then developed tip 
burn. Thus, a total of 9 plants developed tip burn when the center leavevS 
were shaded and the outer leaves removed. 

Two experiments were conducted to demonstrate that a sufficient reduc- 
tion in the light intensity for tip burn to develop was also sufficient to force 
the plant to draw on the reserves stored in the root. In the first test 20 
beets ranging in weight from 216 to 475 grams were dug from a field plot 
and defoliated. The sucrose, determined on cores removed from the roots, 
averaged 14.8 per cent. The roots were then planted in 8-inch pots and 
shaded sufficiently to induce severe tip burn. The beets were left shaded 
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until about 20 leaves bad appeared on eacb beet. The shades were removed 
and a second core removed from eacb beet for sucrose determinations. 
Sucrose at tbe end of tbe test averaged 8.4 per cent. During tbe period tbe 
beets were shaded they lost an average of 43 per cent of their total sucrose. 
All but 6 of the 20 beets had severe symptoms of tip burn. Of the 10 largest 
beets (288 to 475 grams) 8 developed tip burns, whereas only 6 of the 10 
beets smaller than 288 grams developed symptoms of tip burn. This evi- 
dence suggests that there may be a correlation between beet size and develop- 
ment of tip burn. 

This experiment was repeated in the field, shading approximately 100 
beets in all. Every other beet in a section of 4 rows was defoliated and a 
core removed from the roots with a cork borer. The beets were then shaded 
with a fine weave cheesecloth. This cloth when clean reduced the light in- 
tensity 68 per cent when placed over a pyrheliometer on a clear day. After 
12 to 16 leaves had developed on the defoliated plants the shades were re- 
moved and cores removed from both the defoliated roots which were sampled 
at the beginning and also from the undefoliated roots. 

In this test the reduction in the amount of light by shading was sufficient 
to cause only a 10 per cent loss in sucrose from the roots of the undefoliated 
plants and a 26 per cent loss in the sugar content of the defoliated plants. 
Mild though distinct symptoms of tip burn developed on approximately 25 
per cent of the shaded plants. Mild cupping of the leaves, an incipient 
stage of tip burn, was observed on approximately 25 per cent more of the 
shaded plants. The weights of these roots were not known, but it is certain 
that many roots were small. The size relationship in conjunction with the 
higher light intensity used may explain the low percentage of the plants 
which developed tip burn. No tip burn was observed in the remainder of 
the plot during the experiment. 

DISCUSSION 

The fact that tip burn develops in the field during prolonged periods 
of cloudy or foggy weather suggests the need to consider humidity as a 
possible factor. The possibility of a temperature relationship should also 
be considered. Kelative humidity, at least as it prevailed in the greenhouse, 
appeared not to influence the development of tip burn in the test plants used. 
In view of the wide range of temperature under which tip burn has been 
observed to develop, there appears to be no critical range of temperature 
required. 

The substances that cause sugar-beet tip burn are probably nitrogenous 
compounds but since the injury does not appear immediately after plants 
are heavily fertilized and shaded the effect is likely not due to the ammonium 
or the nitrate ion. The injury is probably due to complex nitrogenous 
compounds intermediate between the ammonium ion and the proteins. 

If, as is apparently the case, the toxic substances accumulate in the 
roots and if they move up with the food in the phloem, a hypothetical ex- 
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planation can be advanced as to why tip bum did not develop on plants 
with the younger, inner leaves in reduced light and the outer leaves in full 
sunlight. In such cases perhaps the exposed outer leaves would supply the 
food requirements of the covered leaves so that there would be little or no 
movement of substances from the root to the covered leaves through the 
phloem. 

Another hypothetical explanation of the fact tip burn did not develop 
on the covered inner leaves when the outer leaves were exposed to full sun- 
light is that perhaps products of photosynthesis combine with the toxic sub- 
stances and in effect neutralize them. Under such conditions perhaps the 
substances that cause tip burn would be reduced to nontoxic concentrations. 

If tlxe tip burn is due to translocation of substances in the phloem from 
the root to the tops under reduced light then it would follow that recovery 
from tip burn under full sunlight would be due to a reversal of the direction 
of the flow of the phloem contents. If, on the other hand, tip burn is due 
to substances not adequately neutralized by products of photosynthesis 
under reduced light, then one could postulate that the increased amount of 
photosynthates under high light intensity would hold the toxic substances 
below the critical concentration. 

summary 

Tip burn of sugar beet is a disease believed due to toxic concentrations of 
substances normally present in the plant. 

Tip burn develops when beets that have been grown in fertile soil with 
an abundance of nitrogen for a relatively long time are then grown under 
alow light intensity. The nitrogen and the light factors are both necessary. 

When the outer leaves are left on the beet plant and in full sunlight 
tip burn does not develop on the new leaves even though they are shaded. 

The toxic substances involved in tip burn are apparently aceiimnlated 
in the root and are probably normal nitrogenous constituents of the plant 
temporarily in excessive concentrations. 

Complete recovery from tip burn oeeurs if affected beets are grown under 
high light intensity and conditions otherwise favorable for beet growth. 

Sugar beets are, in general, highly heterozygous and vary widely in 
their sensitiveness to the complex of factors causing tip burn, 

U. S. Department of Agriculture, Sugar Plant Field Laboratory, 
ErvERSiDE, California. 
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PATHOGENICITY OF THE VASCULAR FUSARIUM OP GLADIO- 
LUS TO SOME ADDITIONAL IRIDACEOUS PLANTS 

W. D. M C C L E L L A Ni 
(Accepted for publication June 30, 1945) 

Members of tbe Iris family are frequently grown in association by both 
commercial and amateur growers. ’With. Fusarimn rapidly increasing in 
importance in Gladiolus production the question arose as to whether or not 
plants of related genera in the Iridaceae would become infected with the 
vascular Fusarmm from Gladiolus recently described by McCulloch (4) 
as Fusarmm orthoceras App. and Wr. var. gladioli. Since 1941 plants of 11 
genera in the Iridaceae have been inoculated with isolates Nos. 12-1, 16-1, 
and 19-1 from Miss McCulloch ^s collection, with positive infection resulting 
in plants of 9 genera and possible infection in plants of 2 genera, 

MATERIALS AND METHODS 

The plant materials tested were Homerm collina Vent., Neomarica gra- 
cilis Herb., Streptauthera cuprea Sweet, Tritonia crocata Ker., T. lineata 
(Salisb.) Ker., Bahiana hybrids, Crocus (spring-flowering, mixed), licm 
hybrids (“Bloem Erf,’^ ^‘Dutch,^’ and ^^Mrs. Cleveland’s^ 0? Sparaxis 
(assorted), and Wat sonia (assorted), all from commercial sources. Bul- 
bous iris varieties Imperator, Poggenbeek, and Wedgewood were from 
stock grown at the Plant Industry Station, Beltsville, Md., and corms of 
Freesia were from seedlings grown in sterilized soil at the Station. Corms 
■of Tritonia crocata used in 1944 were also seedlings grown at Beltsville. 

In the 1941-42 tests all of the bulbs and corms were grown in sterilized 
soil in 5-inch pots and, with the exception of the bulbous Iris and the 
W at sonia, were planted 3 to a pot. In the 1942-43 and 1944 tests sterilized 
sand was used and the plants were fed weekly with a nutrient solution. In 
these tests the plants, with the exception of bulbous Zns, were grown in 
4-inch pots. The bulbous Iris was grown in flats of sterilized sand. The 
Iris was planted 24 per flat, the Watsonia and Crocus 1 per pot, and other 
genera 3 per pot. 

Some of the corms and bulbs were infected with Fusarmm when they 
were planted, but the likelihood of contamination was kept at a minimum 
by the placing of all pots in sterilized saucers, by a wide spacing of the pots, 
.and by care in watering. In spite of these precautions some contamina- 
tion occurred, chiefly in 1941-42 when the space used was greatly reduced 
to provide room for war emergency crops. While the plants used in these 
experiments were being moved into smaller space the pots were allowed to 
eome in contact with each other. 

1 Associate Pathologist, Division of Fruit and Vegetable Crops and Diseases, Bureau 
•of Plant Industry, Soils and Agricultural Engineering, Agricultural Beaeareh Administra- 
tion, United States Department of Agriculture, Beltsville, Maryland. 
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The 1941-42 iuoeulum was prepared from isolates 12-1, 16-1, and 19-1 
grown on sterile oats for 2 weeks. Inocula of the 3 isolates were mixed and 
about 40 ec. of the mixture placed over some soil in the bottom of each pot. 
The inoculum was covered with soil, the bulbs or eorms were then planted, 
and the pot was filled with soil. An equal amount of sterile oats was 
placed in each uninoeulated pot. 

TABLE 1 . — Infection of representatives of 11 genera of the Iridaceae with the vascular 

Fiisarimn from Gladiolus 


TTnin- In- 

oculated oeulated 


Plants tested 


c3 

>4 


w 

% g 

■g I 

, N 


rO g 

“gi 


Type of infection in 
bulbs, eorms, rhizomes 


d 


Bahiana^ hybrids 

CracKs (mixed, spring- dowering) 
Freesuiy seedlings 

Uomeria eollina Tent. 

Iris (bulbous) var. Imperator 

var. Poggenbeek 
var. Wedgewood 

Ixki, hybrids, ^^Bloem Erf 

^'Dutch'' 

^^Mrs. Cleveland 

F'eomurica graciUs Herb. 
BparaxiSy assorted 

Birepta%th€Ta cuprea Sweet 

Triionia crooata Ker., seedlings 

T, Unmta (Saliab.) Ker. 
Watsonia, assorted 


1941- 42 

1942- 43 
1944 

1941- 42 

1942- 43 
1944 
1941-42 

1941- 42 

1942- 43 
1942-43 

1941- 42 

1942- 43 

1941- 42 

1942- 43 

1941- 42 

1942- 43 

1941- 42 

1942- 43 
1941-42 

1941- 42 

1942- 43 
194.1-42 
1942-43 

1941- 42 
1944 

1942- 43 

1941- 42 

1942- 43 


0/1 

0/6 


6 0/6 
Id 1/3 
18 1/17 
9 0/9 

3 0/1 

4 1/3 
24 1/19 
24 3/20 

4 0/4 
24 7/23 
3 2/2 
3 0/3 
3 
3 
3 
3 
1 
3 


1/1 
0/3 
1/2 
0/3 
0/1 
0/2 
6 0/6 
3 f 

3 0/2 

4 0/2 
9 0/9 

3 0/3 

4 0/4 
10 0/5 


9 

4/5 

Tascular 

18 

3/18 

do 

18 

13/18 

do and basal 

45 

7/23 

Tascular 

40 

33/43 

do 

15 

3/15 

do 

9 

1/5 

do and basal 

14 

1/12 

Basal 

48 

9/34 

do 

48 

13/21 

do 

12 

7/9 

do 

48 

18/29 

do 

9 

6/7 

Tascular 

9 

2/9 

do 

9 

5/6 

do 

9 

8/9 

do 

9 

6/6 

do 

9 

6/9 

do 


2 1/2 
9 6/9 

18 12/18 
9 5/7 

9 9/9 

18 1/3 

15 3/15 

9 0/6 

16 6/16 

29 4/9 


Ko symptoms 

Tascular 

Basal 

Slight vascular in base 
do 

Tasenlar 

do 

No symptoms 
Tascular and basal 
do 


number of b^ba^fron^wUcMsdationT isolations ; the denominator, the 

1944 tests each of the three isolates was grown in a 
dified Richard s solution and ground in a Waring Blender. The bulbs 
and eorms were dipped Just before planting in a We of 1 Se 

Isolations were made from many of the eorms or bulbs when recognizable 
foliage symptoms appeared. In many instanees the 00 ^^™^^ 


1945] McClellan; Fusarium on Irilaceous Plants 923 

rotted so badly that isolations were not attempted. Isolations were made 
from most of the remaining bnlbs at maturity. 

Representative isolates recovered from inoculated plants of each sus- 
ceptible genus except Crocus, Homeria, Neomarica, and Tritonia have been 
tested for pathogenicity in Gladiolus, Twelve corms each of the Gladiolus 
varieties Picardy and Dr. F. E. Bennett were dipped in a suspension of a 
mixture of representative isolates from a given genus and planted in 
sterilized sand in 8-ineh pots, 3 corms to a pot. These corms were fed 
weekly with a nutrient solution. 

RESULTS 

The results of the inoculations are in table 1. Since isolation was 
usually attempted from the vascular system or the base of the eorm or 
bulb but seldom from the roots, Fusarium was not always recovered from 
plants which were obviously diseased. Positive infection was obtained in 
the following: Babiana, Crocus, Freesia, bulbous Iris, Ixia, Sparaxis, 
Streptanihera, Tritonia, and Watsonia, Typical reddish-brown vascular 
discoloration occurred in one or more bulbs or corms in each of these. 
In Neomarica, however, no recognizable symptoms were present in roots, 
tops, or rhizomes. Whether true infection existed in Neomarica is open to 
question. Rotting of the roots and corm or bulb base was a general symptom 
of the effects of this Fusarium in ail genera. This effect was the pre- 
dominating symptom complex in the bulbous Iris whereas the characteristic 
symptom in Crocus, Ixia, and Watsonia was the typical reddish-brown 
vascular discoloration. Detailed symptoms are described. 

Babiana. — ^The thin leaves became yellow and died back from the tips 
leaving the dead, yellow-brown tissue thin and paper-like. This necrosis 
gradually proceeded down the leaf towards the eorm. Plants remained 
alive in the greenhouse as long as 5 months after inoculation. The cen- 
tral vascular cylinder was discolored if infection had progressed sufficiently. 
Frequently this brown discoloration was confined to the base of the vascular 
cylinder but in one plant it extended throughout the central cylinder and 
into the stem. In this plant the parent eorm appeared to be normal, the 
fungus entering the daughter corm through the contractile roots. 

Crocus. — Foliage symptoms first appeared within 4 weeks after in- 
oculation on one of the plants and were present within 9 weeks in all but 
one of those inoculated. The first symptom, a slight yellowing at the tips 
of the leaves, was soon followed by necrosis as the yellowing progressed 
down the leaves. Many of the leaves were twisted or curled (Pig. 1) and 
in 1 plant this curling was extremely severe. Stunting also occurred. 
One" plant grew very little and was nearly dead 5 weeks after inoculation. 
The roots usually rotted off; thus the absence of roots (Fig. 1) and the 
presence of basal corm rot were distinguishing symptoms. This light 
brown basal rot sometimes involved the lower half of the corm, and brown 
node lesions were frequent in the corms. Vascular discoloration was absent 
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in most of the corns, but in 2 of these the discoloration extended through 
the parent corm into the daughter corm (Pig, 1), 

The symptoms produced in Crocus by the Gladiolus Fusarium were very 
similar to those illustrated in Crocus by Drayton (3) and by Moore (5). 
It is probable that these woi'kers were dealing with the same Ftisarium as 
the writer. Drayton reported that Crocus rot was of serious consequence 
in Holland and that it is primarily a basal decay which advances further 
during storage and may completely rot the corm. Moore said that the 
Fusarium rot was the most prevalent and destructive disease of Crocus 
eorms; and Pape (6) mentioned a Fusarium corm rot which frequently 
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Pio, 1* Crocus plants grown for 60 days in sterilized sand, fed weekly with, a 
uument solution. The two plants at the left were not inoculated. Those at the right 
the corns in a spore and myeelinm suspension of the Gladiolus 

completely destroyed the conns in storage. Attempts at infection of 
Gladidus with the Fusarium obtained from Crocus were not reported by 
these writers nor was the possible relationship between the Gladiolus Fu- 
sarium and the Crocus J’ttsomm suggested. Abe (1) described a root and 
corm rot of Crocus sativm L. which is said to be caused by Fusarium l)uVbi- 
gewm ae. et Mass. var. Uastwoh (Eostr.) Wr. According to the system 
of Snyder and Hansen (8) this would become F. oxysporum Schl. Abe was 

unable to infect onion seedlings with this JPusanitw. 

iiVeesio.— Preesias used in these tests have been very susceptible to the 
Gladiolus Fusarium. Yellowing of the foliage was evident within 30 days 
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Pig, 2 . Preesia plants grown in sterile sand, fed weekly with a nutrient solution. 
A. Bight, plants 63 days after corms were inoculated by dipping them in a spore and 
mycelium suspension 5 ^ left, not inoculated. B. Lesion on the main root (left); core 
rot of parent corm (right). 0. Sections through healthy eorms (left) ; diseased corms 
(right) showing basal and core rot. Plants are of the same age. D. Plants of the 
same age showing retardation of corm development following inoculation (right), com- 
pared with normal development (left) . ISTote that the parent corm of the healthy plant 
has almost completely shriveled and that the large fleshy root is swollen. 
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after inoculation, and within 60 days many of the tops were completely dead 
and the conns rotted. The most pronounced effect of this FusciTiuM on 
Freesia was the stunting and retarding of the development of the entire 
plant Even though no foliage yellowing was evident, growth was but 
one-third to one-half that of iminoculated plants (Fig. 2, A). The 
shriveling of the parent conn and the swelling of the main root was greatly 
retarded in inoculated plants (Fig. 2, B). The first symptom, in addition 
to stunting, was a yellowing and dying back of the foliage. Frequently the 
leaf tips were white rather than yellow, similar to a physiological burn. 
This die-back was accompanied by a decay of the root tips, by root lesions 
(Fig. 2, B), by vascular discoloration, and finally by complete rotting of 
the corms (Pig. 2, B and C) . The infected central vascular core was either 
Drilliant red or dark brown, this discoloration frequently extending through 
both the parent and daughter conns into the leaf bases. Occasionally, also, 
the radiating vascular strands were discolored. As the rot progressed the 
base of the conn rotted and surface lesions appeared elsewhere on the eorm. 

Taubenhaus and Ezekiel (9), reporting a Pusarium wilt and corm rot of 
Freesia, described and figured symptoms similar to the above but they did 
not mention a retardation in the development of the daughter corm. They 
reported only slight decay of the basal plate and very little stunting when 
Freesia conns were inoculated w-ith Fusar mm Ivom decayed Gladiolus 
corms, whereas isolates of Fusarium from Freesia, tomato, and cabbage were 
reported as causing a typical core rot. Corms of Oladiohts that were planted 
in soil infested with the Freesia Fusarium showed a slight decay at the bases 
which prevented the formation of new roots. As McCulloch (4) has pointed 
out, their failure to obtain infection may have been due to the use of varieties 
which were resistant to the strain of Fusarium used in the tests. Similarly 
McCulloch (4) was unsuccessful with cross inoculations with Fusaria from 
Gladiolus and from Freesia, and she believed her failure may have been due 
to the use of resistant varieties as test plants. She stated that the Pusarinm- 
infected Freesia corms had symptoms similar to the vascular disease of 
Gladiolus and that the Fusarium isolated from these conns appeared to be 
identical with her Gladiolus Fusarium. 

Komeria collma. — The symptom complex has not been well established 
for this species. As observed, the leaves died back from the tips and, when 
plants were lifted for examination, the corms looked healthy but all the basal 
roots were either dying back or had rotted away. Many of the contractile 
roots were brown at the tips. Only slight vascular discoloration was seen in 
the bases of 2 conns nearly' a year after inoculation. 

Iris (htdhous).^ — One or more species of PenicilUum appear to be closely 
associated with Bhisarium infection in bulbous Iris. Many Iris bulbs first 
inoculated and infected with Fusarium soon had Penimllmm fruiting freely 
between the rotting bulb scales. No doubt Pusarium rot of bulboixs Iris is 
frequently eonfuBed with the Penicillium rot described by Moore (5). 
Pusarium infection was characterized by a stunting of the plant and by the 
darkened bulb bases and the absence of roots (Pig. 3). If secondary in- 
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Eig. 3. Effect of the Gladiolus Fusarium on bulbous Iris. All plants are the 
same age. A-B. Wedgewood not inoculated (A), inoculated (B). Note the difference 
in growth and the absence of roots. O-F. Longitudinal sections through diseased and 
healthy Imperator (0 and D), and Poggenbeeh (E and F), showing the discolored bases 
and bulb scales in the inoculated bulbs (0 and E). 
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feetion by Penicilliuni did not occur the bulb remained firm with a badly 
discolored and rotted base. Browned vascular tissues frequently were noted 
in the bulb scales and occasionally vascular discoloration extended into the 
stem, but usually the discoloration was confined to the base of the bitlb (Fig. 
3) . Fusariim was readily isolated from such areas. Boots were few and 
poorly developed or had been rotted off altogether (Fig. 3). No differences 
in susceptibility of the 3 varieties tested were noted although' F. P. Mc- 
Whorter, in a personal communication, stated that the Poggenbeek variety 
is severely affected by a Fusarium basal rot in the field, and Creager (2) 
stated that a Fusarium is very destructive to the Cajanus, Hart Nibbrig, 
and Imperator varieties. A mixture of bulbs of Wedgewood and other 
varieties was sent the writer from Grants Pass, Oregon, by McWhorter. 
These bulbs had darkened bulb bases typical of those inoculated with the 
Gladiolus Fusarium. A Fusarium similar to the Gladiolus Fusarium was 
isolated from both the Wedgewood and David Blaring varieties of Iris, but 
no infection was obtained in either the Picardy or the Dr. F. E. Bennett 
variety of Gladiolus with either isolate. A Fusarium isolated from bulbous 
Iris from Texas likewise produced no infection in these 2 varieties of Gladio- 
lus. This discrepancy in behavior between the Gladiolus and the Iris iso- 
lates is as yet unexplained but may be due to differences in behavior between 
strains of Fusarium, Strains of the Gladiolus Fusarium differing in patho- 
genicity are known to exist (unpublished data) . 

Creager (2) has published a note on a root and bulb rot of both Spanish 
and Dutch Iris which is caused by a Fusarium “closely resembling F. 
oxysporum.” He stated that the pathogen enters the root and finally in- 
volves the basal plate and scales of the bulb. No mention was made of any 
cross-inoculation studies. 

Ixia. — The first symptom of Fusarium infection was a yellowing of the 
tips of the leaves. As this yellowing progressed down the leaves these began 
to twist and their tips died. The roots of such plants were usually badly 
decayed and the vascular system of the contractile roots sometimes was dis- 
colored. In later stages all or nearly all of the roots were rotted. The base 
of the eorm was frequently rotted and surface lesions were present. Basal 
rotting gradually extended upward into the central vascular cylinder, thus 
producing a core rot. The radiating vascular tissues were likewise often 
discolored. As the disease progressed it sometimes became a general 
corm rot and often a corky dry rot followed the discoloration of the radiating 
vascular tissues. Brilliant red areas frequently defined the corm lesions, 
but apparently the red color is not always associated with the disease since 
it also occurs as a result of other injuries. The daughter corm usually be- 
came infected through the connecting vascular tissue, but occasionally the 
daughter corm became infected from contractile roots before the parent 
corm was invaded. 

Neomarica firfoeiKs.— No recognizable symptoms were observed, but 
Fusarium was ob'tained from one of two plants inoculated. It is question- 
able whether there was true infection. 
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Sparaxis. — Typical vascular and core rot was less common in Sparaxis 
than in Freesia, Crocus ^ or Ixia. The leaves yellowed and died back as in 
these other genera, and the roots were few, poorly developed and dying back, 
but often there was no vascular discoloration in either the fibrous or the 
contractile roots. Several cornis, however, had definite vascular discolora- 
tion and core rot. The core of one parent eorm was rotted and this decay 
extended slightly into the daughter eorm. Fusarium was also isolated from 
a discolored area in the basal plate of another daughter eorm. 

Streptantkera. — The leaves became yellow and died at the tips, and the 
plants were badly stunted. The roots rotted oE and the vascular core was 
discolored. The discoloration was yellow brown at first, but became much 
darker brown as the disease progressed. Some surface rot occurred at the 
base of the eorm and eventually both parent and daughter corms rotted 
completely. Fusarium was isolated from such rotting tissue as well as from 
the lightly discolored and the darker vascular system. 

Tritoma. — In the 1941-42 tests 12 of the 18 corms of T. crocata which 
were inoculated and planted rotted completely and none of them sent up new 
shoots, whereas all of the 4 uninoculated corms grew well and were in good 
condition when dug 11 months later. Of the 15 seedling corms of T. crocata 
planted in 1944, 3 had typical vascular discoloration and the others had none. 
Fifsarmm was isolated from these 3 corms. The foliage of all of the in- 
oculated plants had begun to die back within 30 to 45 days after inoculation 
whereas the uninoculated plants retained a healthy appearance. Possibly 
distinct varietal resistance to Fusarium such as is known to occur in 
Gladiolus (4) also occurs in Tritonia. Plants of Tritoma lineata inoculated 
in 1942-43 remained healthy. 

Watsonia, — The foliage of infected plants had a burned appearance 
around the edges and tips and then became yellow toward the base. Most 
of the roots rotted off although occasional healthy roots remained. The 
roots might or might not be entirely rotted away, with no evidence of eorm 
rot other than slight rotting at the root bases. Usually, however, rotting 
of the roots was accompanied by a basal rot of the eorm and occasionally the 
entire conn rotted. The vascular system of 1 eorm was discolored through- 
out and extended into the stem. 

REINFECTION OF GLADIOLUS 

Successful reinfection of the very susceptible variety of GladiohiSj Dr. 
P. E. Bennett, was obtained with the Pusaria isolated from plants of the 
following genera: FreesiU) Iris^ Ixia, Sparaxis^ and Watsoma, 

Only slight vascular or basal infection of the Picardy variety was obtained 
with isolates from these genera. Slight vascular infection of Dr. P. E. 
Bennett, but not of Picardy, was obtained in 3 trials involving 42 corms of 
each variety with isolates from Strepto/nthera. Keinfeetion of Gladiolus^ 
has not yet been attempted with the isolates from Crocus^ Momeriaf Nco- 
marica^ or Tritoma. 
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DISCUSSION 

The host range of the vaseiilar Fusarnm of Gladiolus is not confined 
to a single genus, but as yet these studies have not progressed far enough 
to determine whether Fusaria isolated from other members of the Iridaceae 
are pathogenic to Gladiolus, In limited trials isolates of Fusarnm obtained 
from bulbous Iris were not pathogenic to Gladiolus, Keeent investigations 
(7) have shown that some of the vascular Fusaria do not have the narrow 
host range attributed to them. This does not seem particularly surprising 
in view of the fact that Wellman and Blaisdell (10) were able to select some 
variants of Fusarium lulMgenum var. lycopersioi (Brushi) Wr. and R. that 
were more pathogenic to tomatoes and some which were less. It would seem 
likely that it might be possible to select variants that would be pathogenic on 
closely related or even remotely related plants especially if we accept Snyder 
and Hansen’s (8) concept of F. oxysportm Schl. and their statement that 
“the Fusaria which cause vascular wilts are merely biologic forms of one 
and the same species.” 

In view of the results obtained with the Gladiolus Fusarmmf members 
of the Iridaceae should not be grown in association where the vascular 
Fusarium is known to be present. 

SUMMAEY 

The vascular Fusarium of Gladiolus described by McCulloch proved to be 
pathogenic to plants of the following genera of the Iridaceae: Babiana, 
Crocus^ Freesia, Iris (bulbous), Ixia, Sparaxis, Streptanthera, Triionia^ 
and Watsonia. Infection was uncertain in Neomarica and Homeria. 

A Fusarium isolated from bulbous Iris was nonpathogenic to the Picardy 
and Dr. F. E. Bennett varieties of Gladiolus, 

Division OF Fruit and Vegetable Crops and Diseases, 

Plant Industry Station, 

Beltsville, Maryland. 
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A Cross between Lycopersicon esculentum and Disease-Resistant L* 
pernvianum. — A group of varieties of Lyco'persicon pemviannm (L.) Mill, 
and related species imported from Peru, South America, by the Division. of 
Plant Exploration and Introduction, have had a most consistent resistance 
to tomato foliage diseases. Various workers report that lines have also been 
found with varying degrees of resistance to curly top, fusarium wilt, nema- 
tode rootknot, bacterial spot, and mosaic.^ Because of this marked resistance 
of certain varieties of A. pmtuiamtm to several tomato diseases, breeders 
have endeavored to hybridize them with varieties of L, esc%dent%im Mill, in 
order to incorporate their resistance into new superior horticultural types. 

Hybrids have already been reported between Lycopersieon escidenium 
and L, cJiilense Dun.^ {L. periiviamim var. dentatnm (Dun.)^), between 
L, escnlentnm and L, pertwiamim var. Jmm/if imim C. H. Mull.,‘^ and between 
L. esGulenUim and various species of the subgenus Eriopersicon C. H. Mull. 
group.‘^’^ However, so far as the winters have been able to ascertain, no 
cross betw^een L. escidentum and the type species of Eriopersicon, L. peruvi- 
anwi, has heretofore been reported. 

When the work here recorded was started selections were made from 
introductions of Lycopersicon peruviannm grown in the field tests at Belts- 
ville, Md. The plants that retained the healthiest foliage throughout the 
growing season were chosen as parent stocks. The pollen parent (Pig. 1, C, 
P, I) of the hybrid here reported is one of the more fruitful lines and bears 
large numbers of small greenish fruits usually tinted with purple when 
mature and averaging about f inch in diameter. 

After examining several hundred seedless tomato fruits that developed 
in the greenhouse at Beltsville, Md., from cross pollination of numerous 
tomato varieties with pollen of Lycopersicon pernvianum, viable seed was 
obtained in a cross with Prince Borghese, an Italian paste type. This variety 
of L. esculentum is characterized by the production of many small flowers on 
large forking cymes which bear large clusters of elongated, bright red, 
2-celled fruits (Pig. 1, A, D, G). 

The Pi ]3lants were vigorous vegetative growers and developed vines 
about twice the size of either parental stock. These plants flowered and 
produced pollen in the greenhouse but set no fruit unless a growth-regu- 
lating substance such as naphthalene acetamide or indolebutyric acid was 

1 Alexander, L. J., R. E. Lincoln, and V. Wright. A survey of the genus Lycopersicon 
for resistance to the important tomato diseases occurring in Ohio and Indiana. V S. 
Dept. Agr., Pit. Bis. Reporter Suppl. 136, 1942. 

2 Holmes, E. 0. The Chilean tomato, Lycopersicon chilense, as a possible source of 
disease resistance. Phytopath. 29: 215-216. 1939. 

3 Muller, C. H. A revision of the genus Lycopersicon. IT. S. Dept. Agr. Miscellaneous 
Publication 382. 1940. 

4 Wright, y., and R. E. Lincoln. Resistance to defoliation disease in tomato. Purdue 
IJniv., Agr. Exp. Stat., Ann. Rep. 63 (1940) : 42-43. 1940. 

5 Blood, H. L. Curly top, the most serious menace to tomato production in Utah. 

Utah Agr. Exp. Stat. Earm and Home Beienee 3 (1) : 8-11. 1942. 
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applied to the pedicels or peduncle when the flowei^s were pollinated (Fig. 1, 
B, E, H). However, all such fruits have been seedless. Plants propagated 
by cuttings when grown in an open field where many other tomato lines were 
growing, set fruit sparingly and very few f luiits contained seed. These fruits 
ranged from | to inches in diameter, and were uniformly globular, smooth, 
yellow, and usually 2-’eelled. A small population of P^ plants has been 
grown from seeds obtained from the field-grown open-pollinated Pi plants. 
These plants had marked phenotypic differences and most of them have been 
barren. Several outcrosses have been made to Pan America, Butgers, and 
various hybrid combinations of L, esmdeniiim. The progenies of all these 
outcrosses show wide segregations in plant habit, in foliage and fruit charac- 
ters, and in fruitfulness. About 25 red-fruited and yellow-fruited selections 
have been made from these outcrosses. The selections are fruitful, the fruit 
ranging in diameter from to 2^ inches. Since these progenies were de- 
rived from open-pollinated field selections their genetic composition is some- 
what uncertain because of the probability of some chance field crossing. 
However, this should not hinder the develox)ment of disease-resistant horti- 
cultural varieties from these interspecific outcrosses provided the resistance 
factors can be retained while breeding for fruit size, quality, and productive- 
ness. — -W. S. Porte, Pathologist, and H. B. Walker, Scientific Aid, Division 
of Fruit and Vegetable Crops and Diseases, Bureau of Plant Industry, Soils, 
and Agricultural Engineering, Agricultural Besearch Administration, U. S. 
Department of Agriculture. 

Varietal Resistance of Tomato Seedlings to the Stem-Lesion Phase of 
Alternaria solanid — One of the most serious disease problems connected with 
the production of tomato seedlings in the South for use in the northern 
canning areas is stem infection by Alternaria solanir Considerable data®'^ 
have been compiled on methods which aid materially in reducing infection 
under field conditions but nothing has so far approximated complete control. 
In view of the many difficulties involved in control by cultural practices and 
spraying, resistant varieties appear to offer the best solution of this problem. 
Beynard and Andrus’^’ showed that certain strains of tomato have consider- 
able resistance to both the collar rot and the stem-canker caused by A, solani^ 
and they suggested the possibility of breeding this resistance into canning 
varieties of tomatoes now being grown by northern farmers. In oi’der to 

1 A phase of cooperative- investigations between the Division of Fruit and Vegetable 
Crops and Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, Agri- 
cultural Research Administration, D. S. Department of Agriculture ; the Georgia Coastal 
Plain Experiment Station; the Georgia Agricultural Experiment Station; and the Georgia 
State Department of Entomology. 

2 Moore, W. D., H. Rex Thomas, and Edward K. Vauglin, Tomato seed treatment 
in relation to control of A 6’oZanL Phytopath, 33; 797-805, 1943. 

3 Moore, W. D. Some factors affecting the infection of tomato seedlings hj Alter- 
naria solani. Phytopath. 32: 399-403. 1942. 

^ Moore, W, D., and H. Rex Thomas, Some cultural practices that influence the de- 
velopment of Alternaria solani on tomato seedlings. Phytopath, 33: 1176-1184- 1943. 

5 Reynard, George B., and 0. F. Andrus. Inheritance of resistance to the collar-rot 
phase of Alternaria solani on tomato. Phytopath. 35: 25-36. 1945. 
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study some of the resistant strains tinder commercial conditions, tests with a 
number of selections from the U. S. Regional Vegetable Breeding Labora- 
tory, Charleston, S. C., were started in 1942 at Tifton, 6 a., by the senior 
author and continued thi'ough 1944. 

Seed beds were prepared during March of each year by turning the soil, 
harrowing, and broadcasting a 4-8-4 fertilizer at the rate of 1,000 pounds 
per acre. The soil was smoothed with a drag and the tomato seed planted 
approximately an inch deep by hand in rows 16 inches apart and at the rate 
of 20 seed per foot. The beds were watered as needed with an overhead 
sprinkling system and the rows cultivated with a hand cultivator to keep 
down grass and -weeds. About mid-May, when the seedlings' were approxi- 
mately 8 inches tail, 25-plant lots were pulled at random from each plot. 
The roots and lower portion of the stems were wrapped with wet moss and 
paper and the plants were then stored at room temperature for 48 hours. 
Following storage, 4 replicates of 25 plants from each strain (15 plants were 
used in 1944) were set twelve inches apart in rows 3 feet apart. The plants 
were allowed to grow for periods ranging from 21 to 36 days, after which 
they were carefully pulled from the soil, thoroughly washed, and the number 
of stem lesions recorded. 

The 1942 test consisted of 13 tomato strains as follows : one each of Mar- 
globe, Indiana Baltimore, King George, Danish Early, Targinnie Red, and 
Devon Surprise ; two selections of Norduke, two of Marglobe x Red Currant 
cross, and three of Riverside. The number of stem lesions varied from a 
mean of 158.5 per replicate on Marglobe to 4,5 on King George. There were 
five strains with means varying from 4.5 to 8.2, fonr with means from 10.2 
to 22.0, and four with means from 64.7 to 158.5. 

As a result of growth studies made during the summer of 1942 several of 
the strains were dropped and others were added to give the following selec- 
tions for the 1943 test : three from Targinnie Red and one each from a Red 
Currant X Marglobe cross, a Devon Surprise x Marglobe cross, a Targinnie 
Red X Montgomery cross, Devon Surprise, Norduke, and Marglobe. The 
mean number of stem lesions per replicate in this test varied from 213.7 on 
Marglobe to 0.2 on Norduke. Pour strains had lesions varying from 0.2 to 
1.0, four had from 5.5 to 24.0 lesions, and one had 213.7 lesions. 

Additional eliminations were made during the summer of 1943 and the 
1944 test included only 5 selections. They wex^e as follows : three P 3 selec- 
tions from the original Marglobe X Devon Surprise cross outcrossed to Pan 
Ameidea, oneF 4 selection from a Cooper Special x Devon Surprise ci'oss, and 
one Marglobe. The mean number of stem lesions in this group varied from 
248.2 on Marglobe to 25.5 on the Cooper Special x Devon Sux’p rise cross. 
The three selections from the Marglobe x Devon Sixrprise x Paxi America 
strain had lesions varying from 34.0 to 38.0. 

While these strains do not have complete resistance to stem inf eetioxi by 
AUerndria solani Mid. are not comparable to the average canning tomatoes 
in size and quality of fruit, they possess definite possibilities as stock that 
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may be used for crossing with other varieties in a disease-resistance breeding 
program. The pure lines of Targimiie Red, Devon Surprise, Norduke, and 
their several crosses were significantly more resistant to stem infection by 
AUernaria solani than Marglobe in all tests during the three seasons in which 
this study was made. — W. D. Moore, Pathologist, and George B. Reynard, 
formerly Assistant Geneticist, Division of Fruit and Vegetable Crops and 
Diseases, Bureau of Plant Industry, Soils, and Agricultural Engineering, 
Agricixltural Research Administration, U. S. Department of Agriculture, 
Beltsville, Maryland. 

Meadow Nematodes as the Cause of Boot Destruction . — The year 1889 is 
notable in the history of research on plant-parasitic nematodes in the United 
States as the year of publication of the first papers on this subject matter in 
this country, namely Atkinson’s bulletin on the root-knot nematode^ and also 
that of Neal. ^ There is, however, a third publication of the same year which 
is generally overlooked: F. Damson Scribner’s ‘‘Diseases of the Irish Po- 
tato,”''^ an important part of which deals with nematode diseases. Scribner 
also reports root knot, but in addition a second nematode affliction of po- 
tatoes is described. The causative nematode is not named but it is easily 
recognized by description, figures, and symptoms as a meadow nematode, 
which has been named Scribner’s meadow nematode.^ 

While the root-knot nematode has received considerable attention as a 
disease factor, the meadow nematodes— plant-parasitic nematodes of the 
genus Pratyle7icJius Filip jev — ^have been almost completely ignored. This 
is unfortunate. The pratylenchs are doubtless one of the most important 
primary factors in root destruction among cultivated and uncultivated 
plants. The overall damage caused by these pests in the United States is 
possibly greater than that which is attributable to the root-knot nematode. 
There are several obvious reasons for this underestimation. Meadow nema- 
todes do not produce specific symptoms. The lesions they cause on roots are 
not different from those produced by many other nematodes or from those 
induced by many fungi and bacteria. Excised root sections placed on cul- 
ture media will not bring them to light since they will perish under these 
abnormal conditions. Meadow nematodes are migratory, often almost com- 
pletely evacuate a decaying root, and may not be found at all even if the 
root is carefully examined. They are very small, mostly 0.350 to 0.800 mm, 
in total length. They may enter a root at any place, even in very woody 
portions. However, they appear not to enter the vascular system but to 

1 Atkinson, George E. A preliminary report on the life liistoiy and metamorphoses 
of a root-gall nematode, 'Eeterodera radieioola (Greejff) Mull., and the injuries caused by 
it upon the roots of various plants. Science Contrib,, Alabama Agricultural Experiment 
Station 1: 177-226. 1889. Also published as Ala. Agr. Exp. Stat. Bull. 9. 1889. 

2 Neal, J. 0. The root-knot disease of the peach, orange, and other plants in Fioiuda, 
duo to the work of Anguillula. TJ. S. Dept, Agr., Biv. Entom. Bull. 20. 1889. 

3 Scribner, E. L. Diseases of the Irish potato. Teiin. Agr. Exp. Stat. Bull. 2(2): 
1-43. 1889. 

4 Sherbakoff , 0. D., and W. W. Stanley. The more important divseases and insect pests 
of crops in Tennessee. Tenn. Agr. Exp. Stat. Bull. 186. 1943. 
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migrate mainly m the cortical tissues, rarely in the pith and its rays. Other 
subterraneous formations of a plant (bulbs, eorms, tubers, rhizomes, in rare 
instances even basal portions of stems) appear subject to attack. Eggs may 
be deposited in the tissues of a host plant or in the soil. Not infrequently 
aggregations of specimens form nests of infection which may ring a root and 
thus amputate its distal portions. It is obvious that even a small number of 
specimens may, by this mode of attack, greatly interfere with the functioning 
and growth of a root system. The plant often attempts to repair the damao-e 


^ bearded root systems of two plants of corn, Zea mays L. 1 var Hill 's 

(;^«erodcm man^Mr/rerr.'^fi V ^ also a few specimens of the root-knot nematode 
submitted hv P A collected near Jacksonville, Texas, and 

T. & G ) with black lesin^' goldenrod (Solidago leavemoorthii 

specimen collected and snb- 

by forming secondary roots and rootlets above the nematode lesions: a 
matted and bearded root system with only short feeder roots will result i.e. 
a root system that exploits only the soil near the surface and close to the’root 
crown, wjile deeper sod strata and more distant surface soils remain out of 
r ach of the p aut (Pig. 1). This condition shows on the above-ground parts 
of the affecded plant m reduced growth, in wilting during the hot part of the 
day, m dying twigs or branches, in bronzing of leaves ' (everereensl duriuo. 





Phytopathological Notes 


the winter, in -winter kill, and in drought damage during the summer or what 
is sometimes called dieback or sunstroke. Various root crops are also liable 
to disfiguration by these meadow nematodes, particularly potatoes, peanuts 
(Fig. 2), and lily bulbs, in which instances the market value may be de- 
creased or the product made directly unsalable. 

The direct damage caused by these pests on roots is, however, only part 
of the story; all root-invading nematodes open the path for other, sometimes 
serious, secondary invaders which may result in necrosis of adjacent tissues 
and preclude recovery. 


Fig. 2. Peanuts (AracMs hypogaea L.) disfigured by numerous black spots caused 
by a species of meadow nematode (Pratylenehus sp .) ; collected at tlie Substation at Hol- 
land, Va., of the Virginia Agricultural Experiment Station and submitted by B. J. 
Humphrey and L. J. Cushman. 

The location and identification of pratylenchs in a root system or other 
plant organs necessitate a careful teasing apart of the tissues luider a binocu- 
lar microscope. High magnifications are necessary and identification of the 
species is difficult. Although the group as such is well characterized and 
appears to be a very natural one, its taxonomy has not yet been worked out. 
Nor is much known about the life cycle, host range, and geographical distri- 
bution of the various species of which at least five occur in the United States. 
There is need for more work on this group because of its economic signifi- 
cance. — G. Steiner. 


A Bacterial Streak Disease of Phlexini pratense — A bacterial streak 

disease of timothy was first collected near Platteville, ‘Wisconsin, in 1925. 

1 Journal Paper No. J-1283 of the Iowa Agrioultural Experiment Station, Ames, 
Iowa, Pi*ojeet No. 450. 
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Pig. 1, "Water-soaked, translucent streaks on timothy leaves artificially inoculated 
with the timothy strain of XanihomonaH iranshicens, 

from the boot. During warm humid clays, yellowish droplets of bacterial 
exudate formed on the surface of the lesions even as late as October and 
November. Upon drying, these droplets formed hard, resinous granules, 
lie the later stages of the disease the affected tissues became dry and brown, 
but even these older brown lesions w'ere translucent by transmitted light. 
The symptoms of this disease were very similar to those caused by Xantho- 
monas translucens on barley, brome grass, rye, and wheat. 

A yellow bacterium was isolated from the translucent, water-soaked 
streaks and from the dry, brown lesions. The bacterium was a Gram-nega- 
tive, monotriehous rod averaging 0.5 tb*0.8 [i by 1.5 to 2.0 p, depending upon 
the age of the culture studied. In culture the organism was a yellow waxy 
color. Colonies on nutrient agar were raised, with a smooth glistening 
surface. After positive proof of pathogenicity, the comparative cultural 
characteristics of three isolates of the causal agent were studied. All grew 
slowly in beef-peptone agar, while on potato-dextrose agar growth was 
copioms and a watery, creamy yellow with whitish margins. In nutrient 


Later, in 1940, diseased timothy was collected in Mitchell County in the 
vicinity of Osage, Iowa, and near Kanawha, in Wright County, Iowa, along 
roadsides, in hay fields, and in pastures. In 1941 the disease was common 
in Story County around Ames, Iowa. It is dfficult to estimate the loss to 
the timothy hay and forage crops caused by this disease because its preva- 
lence fluctuates from year to year and is greatest during wet seasons. 

The streaks of the disease varied from barely visible ones to those over 
two centimeters long on the leaf blades of the young shoots. A blotching 
of the whole leaf was common on the plants artificially inoculated in the 
greenhouse but was rarely observed in the field. When the necrosis of the 
leaf tissue became prevalent the plants were stunted. A striking symptom 
of the plants in the hay stage was the streaking on the blades and sheaths 
of infeeted flag leaves. Under severe attack the emerging heads were sealed 
in the spiral whorl by bacterial exudate or were malformed upon emergence 
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broth the organism formed a coarse pellicle. The organism liquified gelatin, 
but did not reduce nitrates, produced hydrogen sulphide, produced am- 
monia, reduced the indicator and produced an alkaline reaction in litmus 
milk, did not produce acetyl-methyl-carbinol, was methyl-red-negative, did 
not utilize citrate, showed diastase activity, utilized only dextrose of the 
seven monosaccharides tested in inorganic basal medium and utilized the 
disaceharides maltose and sucrose. Culturally and biochemically the organ- 
ism was like Xanihomonas transUicens although there was some variation 
between isolates of the timothy strain and other strains of X. iranslucens in 
utilization of carbohydrates. 

After identifying the bacterium, repeated cross inoculations were made 
to determine whether or not the bacterium was a new variety of Xantho- 
monas transUicens, The organism caused typical symptoms on timothy 
(Fig. 1) by both the spray and hypodermic methods of inoculation, but it 
did not infect barley, brome grass, oats, lye, or wheat. As a result of these 
trials the bacterium causing a bacterial streak disease on timothy is desig- 
nated a variety of Xanihomonas translucens as follows : Xanihomonas irans- 
lucens yar. phleipratensis var. nov. Isolated from PJileum pratense. Pro- 
duces water-soaked lesions at 25° to 30° C. on shoots of Phlenm pratense 
following wound inoculation. — J. K. Waluin and C. S, Reddy, Iowa Agri- 
cultural Experiment Station, Ames, Iowa. 

Notes on Physiologic Specialimiion in Pucci nia graminis tritici Erihss. 
and Senn. in Ghina ^ — In 1932, Tu^ reported the occurrence of 6 physiologic 
races of Puccinia graminis tritici m. China. As far as the writer is aware, 
it is the only published record regarding physiologic specialization of wheat 
stem rust in this country. 

During 1942-1944, the writer made 175 collections of Puccinia graminis 
triiici from 12 provinces in China. Inoculations on the 12 standard wheat 
varieties,''* seed of which was obtained through the courtesy of Dr. E. C. Stak- 
man of the TJ. S. Department of Agriculture and the University of Minne- 
sota, U.S.A., demonstrated 2 new physiologic races and 12 already known 
races, viz,, Nos. 10, 11, 15, 34, 39, 40, 95, 107, 115, 122, 143, and 189.^ Races 
15, 107, and 122 are by far the most common: they have been identified 35, 
44, and 24 times, respectively, out of 175 collections. Race 122 is the most 
widely distributed, occurring in 9 of 12 provinces. 

The twn new races are tentatively numbered Ci and C^. The reactions 

1 PHYTOPATHOLOGy extends the courtesy of its journal pages to scientists in other 
countries who are persevering in research under difficult wartime conditions and are tem- 
porarily deprived of the opportunity for membership in the American Phytopathologieal 
Society. 

The writer is indebted to Dr. E. 0. Stahman for reading the manuscript. 

2 Tu, Ohih. Physiologic forms of Puccinia graminis tritici in Kwangtung, Southern 
China. Phytopath. 24: 423-424. 1934. 

3 Stakman, E. 0., and M. N”. Levine. The determination of biologic forms of Puccinia 
graminis on Triticum spp. Minn. Agr. Exp. Stat. Tech. Bull, 8. 1922. (Mimeographed 
keys and tables for identifying races are available.) 

^ Garcia-Bada, G., J. Vallega, W. Q. Loegering, and E. C. Stakman. An unusually 
virulent race of wheat stem rust No. 189. Phytopath. 32 : 720-726. 1942. 
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of the standard wheat varieties to these races were tested 5 times at tempera- 
tures rangiiig from 22° to 28° C., and the results obtained were consistent 
(Table 1). 

TABLE l.—The infeotion tj/pcs produced on 12 standard differential wheat varieties 
hy races and Ca of ueclnia gramlms iritiei 


. . 



Infection types on wlieat liosts^ 




Ace. Place of 

Xo. eollection 

u 

1 

rp 

o 



o 


u 

i> 


Cl Kaijuaii, Yunnan 

Kunming, Ynnium 

4++ 

24~h 

4++ 

0; 

4+f 4+b 

4bb 4-l-b 

4bb 

3b 

Ibb 

3bc 

C .4 Ilwayang, Szechuan 

Ch engt 11 , Bzecliuau 

4-f 

3+0 

4b 

0; 

4++ 4b 

4b 4b4* 

4b 

4- 

3 

lb 


a The -wheat hosts are those used by Stakman and Levine to deternime physiologic 
ra(*es of wheat stem rust. 

Race Cl was first isolated from common wlieat in Kaiyiiaii and then again 
from Khapii emmer in the nursery. It can be differentiated from known 
races by the infection types it produces on Kota and on Vernal. It is similar 
to races 41 and 42 of Stakmaii and Levine except on Kanred, on which this 
new race produces a 4+f infection type instead of the 0 infection type. Race 
Cl also differs from races 72 and 99 by its effects on Little Club and Arnantka. 
Race C-> is similar to race 122 except that the former produces a type 3 infec- 
tion and the latter a type 1 infection on Vernal. — SiN-YtiN Yin, Division of 
Plant Pathology, Institute of Agricultural Research, National Tsing Hua 
University, Kunming, Yunnan, China, 

A Gra^t-Transmmihle Mosme Disease of Grapevine . — A mosaic type of 
disease reported to be killing grapevines (Yitis vimfera) in a vineyard in 
Napa Valley, 'California, was brought to the writer’s attention in the sum- 
mer of 1943. The disease involved a somewhat circular area of about 60 
vines near the center of a block of the variety Palamino grafted on St. 
George root stock. 

The leaves of diseased vines from emei*genee to leaf fall had varying 
degrees and patterns of chlorosis that consisted essentially of yellow, cream, 
and light green areas. The cream chlorosis oceui'red as a narrow band 
along the smaller veins (Fig. 1, A), as irregular blotches along the large 
veins (Pig. 1, B and D), or as a stippling or spattering over the leaf suifface 
(Pig. 1, E). Some leaves were entirely yellow with only traces of green 
along the large veins. In other leaves (Pig. 1, P) the light green chlorosis 
appeared to have originated in the veins and spread, as if leaking from the 
veins, into the surrounding tissue. Many leaves had two or more of the 
types of mottling with one type usually predominating. An occasional leaf 
appeared to be covered with a mixture of types and had some veinlet clear- 
ing as well (Pig. 1, C)» The cream and yellow mottled areas were usually 


1945] 


Phytopathological Notes 


941 



Pig. 1. Leaves of Vitis vinifera with different patterns of mottling associated with 
a graft-transmissible mosaic. A. Leaf Avith cream-colored bands along the small veins 
find also some necrosis of the basal lobes. B. Leaf with irregular creamy blotches, mostly 
along the veins. G. Leaf with a combination of cream, yellow, and light green mottling 
and also some veinlet clearing. B. Leaf from a seedling vine inoculated by grafting a 
bud from a diseased vine into the stem. The leaf has eream-yellow patches along the 
large veins. E. Leaf in Avliieh the yelloAv color appears to have been stipj>led over the 
surface. P. Leaf Avith light green areas along the veins. 
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faint and indistinct in the young leaves, but as the leaves matured |tie areas 
became prominent, with definite margins contrasting with the gr|p|of the 
leaf. During the summer and fall the mottled areas in the lead’s usually 
faded to light cream or nearly white, and parts of the leaves dried. 

In September, 1943, twenty-five cuttings were taken from diseased vines 
in the Napa Valley vineyard and rooted in sterile soil. Sixteen of the cut- 
tings grew and all of these had mottled leaves. At the same time, buds were 
also taken from diseased vines and grafted, one each, into 5 healthy seedling 
vines growing in greenhouse pots. By January, 1944, the stock wood of 3 
budded vines had developed mottled leaves typical of those of the diseased 
vines from which the buds were originally taken. Again, in 1944, buds 
from diseased vines were grafted into 10 additional healthy seedlings and 15 
healthy rooted cuttings of the variety Palamino. During the fourth and 
fifth months of incubation, the stock growth in 7 of the 10 seedling vines 
and 12 of the 15 Palamino rootings had developed mosaic leaves. Check 
plants of seedling vines and Palamino rootings handled in the same manner 
remained healthy. These exxmriments show that this mosaic disease of 
grapevines is graft-transmissible. 

During July, 1944, the earborunclum method described by Eawlins and 
TonipkinsJ was used to inoculate 25 separate seedling vines with juice ex- 
tracted from chlorotic leaves. After 8 months of incubation, none of the 
juice-inoculated plants had developed leaf-mottling symptoms. 

This graft-transmissible mosaic disease of grapevines found in California 
resembles very closely the juice-transmissible mosaic oi Vitis vinifera in 
eentral Europe described by Stranak et aU—WM. B. Hewitt, Division of 
Plant Pathology, University of California, Davis, California. 


A More V indent Black Pit Organism on Citrus. — In some lemon and 
orange groves of California large spots (1.5 inch diameter) w^ere found 
on lemon and Valencia orange fruits (Pig. 1, C) either solitary or asso- 
ciated wdth the typical black pit caused by Phytomonas syringae (Bacteriicm 
citripuiealef Bad, citrarefadens) , These spots, obsexwed for the first time 
in 1945, averaged much larger than the usual black pit of lemon and sug- 
gested either a greatly increased virulence or a different organism. The 
tissues were depressed, brown, and had a sharply defined darker margin. 
Some of these spots were evidently caused by the coalescence of the smaller 
black pit lesions, while in other spots no coalescence could be observed. 

Cultures made from the typical black pit lesions and from the margins 
of the larger spots gave bacterial growth typical of the black pit organism. 
On inoculation, these cultures caused the development of spots reaching a 
maximum of 1.5 inches (35 mm.) in diameter (Pig. 1, B) rather than the 
usual small black pits (Pig. 1, A). The maturity of the fruit and the virn- 

’^ Bawling, T, IiJ., and 0. M. Tompkins. Studies on tlie effect of carborundum as an 
abrasive m plant virus moculations. Phytopatli. 26 : 578-587. 1936. 

V P*, Ctibor Blattn^, and A. KleSka, Mosaika r6vy vinn^, Ocbrana Eost- 

lux* X J- « 
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lence of the organisms are believed to determine the size of spots. Since 
spots of this size had not previously been found in nature, the recent isolates 
appear especially virulent. Smith^ in his description of the black pit of 


Fig. 1. Black pit on lemon: A, Natural infection showing the large spot with the 
darker margin and small typical black pits; B, Artificial inoculation showing the large 
spots before the tissue has become depressed; C, Natural infection on Valencia orange. 

lemons gave the size of the lesions as 5-20 mm., with larger lesions rarely 
occurring. — Clayton 0. Smith and L. J. Klotz, University of California 
Citrus Experiment Station, Riverside, California. 

1 Smith, Clayton 0. Black pit of lemons. Phytopath. 3: 277-281. 1913. 
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THE EED~SPOT DISEASE OF BROAD BEANS (VICIA FABA L.) 

CAUSED BY BOTRYTIS FABAE SARDINA IN CHINA^ 

T. ¥. Ytj 

(Accepted for publication July 1945) 

INTRODUCTION 

A leaf -Spot disease of broad bean {Vida faha L.) was noticed early in 
1925 by Dr. R. H. Porter, who was, then, the plant pathologist of the Uni- 
versity of Nanking, China. At his suggestion, investigations on the nature 
and cause of the disease and possible remedial measures were begun in the 
spring of 1927. Two years after this work was started, Sardina (20) pub- 
lished on a leaf -spot disease of broad bean in Spain and attributed it to a 
new species, Botrytk fahae. The disease found in China is identical with 
that reported by Sardina in Spain. 

The work described in this paper was done from 1927 to 1929 and again 
from 1934 to 1937 in the Plant Pathology Laboratory, the University of 
Nanking, Nanking, China. The war stopped the work in November, 1937, 
and no opportunity of continuing the investigation or of publishing the 
results has occurred until now. 

The name red spot was adopted in order to distinguish this disease from 
the chocolate spot of the same host which, according to Wilson (24) in 
England, is caused by Boirytis dnerea Pers. 

HISTORY OF THE DISEASE 

The red-spot disease has undoubtedly been present in many of the bean- 
growing regions for a long time. Early records of the chocolate-spot dis- 
ease of broad bean attributed that disease to Bacillus lathyri Ma. and Taub. 
(14, 15, 17, 18, 19), but it has lately been demonstrated that Batrytis dnerea 
Pers. (25) and also B. Sardina (5, 8, 11) may cause chocolate spot. 

The first authentic report of the red-spot disease was that by Sardina 

(20) in 1929, in which the causal fungus was described as a new species of 
Botrytis (Batrytis faiae Sardina). His second report appeared in 1931 

(21) and two diseases of broad bean were described, one of which was at 
tributed to R. falae Sardina, the other to a form of B. dnerea Pers. Ir 
these two papers the symptoms and etiology of the red-spot disease and th( 
physiology and cultural characters of the pathogen were fully described 

In 1933, Ikata (8), probably without the knowledge of Sardina ’s work 
reported from Japan the existence of a red-spot disease of broad bean caused 
by a new species of Boirytis which has also been named B. fdbae n. sp. He 
described, in detail, the morphological and cultural characters of the 
pathogen as well as the control measures with fungicides. 

1 Paper No. 66, Plant Pathology Laboratory, the University of Nanking, Cheiigtii, 
China. 
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other reports pertaining to Boirytis disease of beans were later- given 
by Nattrass (11, 12, 13), Montemartini (10), Berger (3), EhHelaly (5), 
and Chorin (4) . 

DISTRIBUTION AND ECONOMIC IMPORTANCE 

Eed-spot disease of broad bean caused by Boirytis falae Sardina is 
widely distributed in the bean-growing regions throughout the world. It 
has been reported from Spain (20), Japan (8), England (24), Cyprus (11), 
French Morocco (3), Italy (10), Palestine (4), and Burma (17). 

In China, it was first recorded by Porter in 1925 (see Annual report for 
the year 1924-25, College of Agriculture and Forestry, The University of 
Nanking, Nanking, China, 1926). He gave a brief report of its occurrence 
in Southeastern China and referred to it as ‘^red spot’’ of broad bean. Sur- 
veys made by the writer from 1934 to 1937 inclusive revealed the wide dis- 
tribution of the disease, especially along the Yangtze Valley and near the 
sea coast where it was observed in almost every field. In the inland regions, 
however, it was much less prevalent, while in the southwestern corner it 
was rare. Diseased specimens were also received from as far north as 
Hopeh province. In general, the disease seems to be co-existent with the 
crop throughout the country. 

No exact figures are available regarding the amount of damage from red- 
spot disease of beans. The severity of the disease is correlated with weather 
conditions. In dry regions such as Yunnan of southwestern China, where 
the average monthly precipitation during March and April seldom exceeds 
45 mm., the disease appears only as a few small spots on the leaf blades 
throughout the season. Consequently, it is of no economic importance. On 
the other hand, in regions where the atmospheric humidity is high, heavy 
losses to the crop result. The most severe outbreaks were observed along 
the river and near the sea coast, and there the disease is not only very preva- 
lent but also destructive. Severe defoliation of bean plants and blight in 
the stems were seen in some of the worst cases. No experimental work had 
been done in determining the cause of stem blight, but Boirytis cinerea Pers. 
and BacUlus fabae were known to be capable of inducing blight in stems 
(26). The bacterial pathogen, a wound parasite, is very active in empha- 
sizing blight and rot in stems under favorable conditions. 


SYMPTOMS OF THE DISEASE 

Eed-spot disease of broad bean is most common on the leaves during the 
spring. The first signs of the disease are minute red spots on the leaf blade. 
As they enlarge, the center becomes depressed and the color changes to a 
ehocolate or iron red wdth deep-colored margin. The spots are round, oval, 
or sometimes oblong and are generally numerous on a single leaf. Most 
of the spots are less than 1 mm. in diameter and usually remain small 
throughout the season. Their size probably is determined by the number 
per unit area. Spots as large as 4 or 5 mm. are also present. Isolations 
made from the large zonate spot yielded a typical culture of Boirytis faiae 
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Sardina, and upon reinocnlation with its spores on broad bean the char- 
acteristic small red spots were produced almost exclusively. Two or more 
spots may coalesce to form larger irregular lesions. The tip and margin of 
the leaf blade become black and papery and die. The dead tissues are easily 
cracked or torn, while the remainder of the leaf, although it bears numerous 
spots, may be a normal green for a time. Under moist conditions, the dead 
areas are soon covered with a light gray coating of conidiophores and 
conidia. With continued moist weather, there is still further development 
of the disease. The entire leaf blade may be involved and may collapse, 
although it remains attached. Excess moisture in the field results in the 
rot of the leaf. It is also not uncommon to find the plants defoliated, espe- 
cially in a thickly sown field. Infection occurs mostly on the upper leaf 
surface. Spots on the lower leaf surface are few and large and have an 
indistinct margin. Long red stripes are also seen on the lower leaf sur- 
face. Microscopic examination of the affected leaf tissues shows that the 
mycelium of the fungus is intercellular. 

Lesions on petiole and stem are oblong, elliptical, and deeply sunken at 
the center with a deep red margin. Their size varies considerably depend- 
ing on the size of the affected plant part. On large stems, lesions may be 1 
cm. long. 

On pods, the fungus occasionally produces very tiny red spots which 
remain small throughout the season. No apparent damage from the fungus 
has ever been observed on the pods. 

ISOLATION OP THE FUNGUS 

The fungus is very easy to isolate. When any surface-disinfected por- 
tion of the diseased plant bearing the spots is placed upon a poured plate 
of potato or corn meal agar at ordinary room temperature, the fungus will 
develop rapidly. At first the colony consists of dirty white mycelial growth 
only, but after a few days spherical white bodies, which soon turn shiny 
black, appear at the center of the colony, and finally a large number of them 
form over its surface. 

THE CAUSAL FUNGUS 

Eed-spot disease of broad bean in China is caused by B&trytis fabae 
Sardina. 

The hyphae are septate, branched, and usually coarse, both in lesions and 
in cultures. Dark-colored appressoria are commonly formed in culture by 
the branched hyphae which come in contact with glass containers. 

Sclerotia are commonly found in cultures but so far have not been ob- 
served upon the host in nature. Newly formed sclerotia in cultures appear 
as white masses of mycelium. As development continues, the surface be- 
comes waxy and light olivaceous green, then gradually darkens, until a hard 
black mass results. Mature sclerotia are round, oblong, or irregular. When 
disinfected diseased leaves are incubated in moist Petri dishes, round or 
very slender sclerotia are formed in great abundance along the leaf vein. 
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Oh ordinary culture media at room temperature, sclerotia are 0.5-3 x 0.6-3.5 
mm. with an average of 1 x 1.5 mm. The size of sclerotia is greatly influ- 
enced by temperature and by composition of the substratum. Sclerotia may 
be in rings or scattered on the surface of agar in dishes. It is not uncom- 
mon to find them aggregated into crusty masses. They germinate either by 
sending out mycelium or by producing conidiophores and conidia upon their 
surfaces. Direct germination of sclerotia, however, has been less common 
throughout the present investigation. 

Conidia may be produced directly from fine mycelium or from sclerotia. 
They are septate, twisted, and from 8 to 20 p in diameter and 600 to 1500 p 
in length. The growing tip of the conidiophore sends out several side 
branches from the main stem and these, in turn, branch. The ends of these 
branches swell and send out the sterigmata on which lateral conidia are pro- 
duced. Conidia are produced profusely in clusters that are either terminal 
or intercalary. 

Conidia are subglobose to oval, hyaline, and 12.2-22.8 x 10.5-15.8 p with 
an average of 16.7 x 13.7 p. Under favorable condition's they germinate in 
a few hours by sending out one or two germ tubes from each end. 

Microeonidia are abundant on culture media, especially media poor in 
carbohydrate. They are hyaline, globose, or oval and 2.9-4 p in diameter 
with an average of 3.6 p. No germination of microeonidia has ever been 
observed. Considerable variation is noticeable in the type of conidiophore. 
The most frequent form is a cluster of conidiophores arising directly on a 
cell of the sterile hyphae. In another type a special branch arises from the 
sterile hyphae. In still another form a long slender branch bears upon its 
tip either a single conidiophore or a group of conidiophores. Microeonidia 
originate from at least three sources, mycelium, germinating conidia, and 
germinating sclerotia. It is interesting to note that sclerotia, when placed 
on an agar surface after a certain period of desiccation, will germinate by 
producing an extremely slow growing mycelium. Small white and green 
mycelium-like tufts are scattered over the agar surface. These are the clus- 
ters of microeonidia. 

PHYSIOLOGY OP THE CAUSAL FUNGUS 

Cultural Studies 

In studying the cultural characters of Botrytis fahae, both natural and 
artificial culture media were used. No attempt is made to give detailed 
descriptions of the growth characters of the fungus on each kind of medium, 
m general, it thrives well on all the media commonly used in the laboratory. 
+ Papidly and forms a fluffy mycelium which later becomes appressed 

to the surface of the agar and has a glistening appearance, and sclerotia 
then begin to form. Aerial mycelium is scant and is usuaUy at the top of 
an agai- slant. Sclerotia and microeonidia are usually present. Conidia, 
^ ormed abundantly in nature, are produced only occasionally in 

ar 1 eml media in the laboratory. It has been pointed out repeatedly by 
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the previous investigators that the prodiietion of conidia is influenced by 
the amount of moisture in the air (7, 9, 25) . Attempts -were made to induce 
production of conidia, but the partial drying of plate cultures described by 
Hopkins (7) produced only inconsistent results. Undoubtedly the produc- 
tion of conidia is largely a matter of moisture relations, yet the possible 
influence of other unknown factors must also be considered. 

Temperai;ure in Relation to Oro%vtli of Mycelkmi 

The relation of temperature to the rate of mycelial growth on plates of 
potato-dextrose agar was studied. Separate dishes were inoculated with 
the fungus and placed in constant temperature chambers, adjusted to tem- 
peratures between 5°. and 36° C. Two experiments were made. In the 
first experiment, abundant mycelial growth occui'red between 20° and 27° 
C. within four days. In the second experiment, cultures incubated at 24° to 
26° C. grew better than those at 15°-17° C. or at 30° C. in the same length of 
time. The optimum temperature for mycelial growth of the fungus lies 
somewhere between 24° and 26° C. (Table 1) . Cultures incubated at 5° to 7° 


TABLE 1. — The relation of temperature to growth of mycelium of Botrytis fabae 
Sardina 


Experiment 1 (4 days) 

Experiment 2 (4 days) 

Temperature, 

Diameter of 

Temperature, 

Diameter of 

in degrees C. 

tlie colonya 

in degrees C. 

the colonya 


cm. 


cm. 

19-19.6 

3.8 

15-17 

2.3 

20-20.4 

5.3 

24-26 

5.6 

21-22 

6.7 

30-34 

2.1 

25-25.3 

6.9 



27-28 

6.1 




a Average of ten plate cultures. 


C. produced slight growth by the eighth day, and on the 17th day the colonies 
had attained diameters from 0.5 to 2 cm. and sclerotia were appearing on 
the surface. At 36° C., very little growth was seen for a long time. The 
minimum temperature for mycelial growth, therefore, probably is about 
6° C. and the maximum about 36° C. 

Relation of pH to Growth of Mycelium 

The effect of pH of culture medium on the rate of mycelial growth was 
determined from the dry weight of the mycelia produced in the standard 
nutrient solution incubated at 24° C. for seven days. Determination of the 
pH was by both the colorimetric and electrometric methods. The average 
dry weight of the mycelium, including few small sclerotia, of ten flasks for 
pH 3.2, 4.4, 5.2, 6.2, 8.1, and 8.5 were respectively 0.00, 0.25, 0.26, 0,14, 0.13, 
0.12, and 0.00 mgm. The optimum pH for mycelial growth lies between 
4.4 and 5.2. El-Helaly (5) found that the fungus thrives best at pH 4.5, 
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while Sardina (21) found the optima for mycelial growth of two strains 
of the fungus at pH 5.3 and at pH 7.3. 

Germination of Conidia 

Germination of conidia of Botrytis fabae was tested at various tempera- 
tures. A spore suspension was made in tap water and drops were trans- 
ferred to clean glass slides placed in moist Petri dishes in the incubators. 
In the first test the conidia germinated best between 20° and 25° C. within 
24 hours (Table 2). If the duration of the test was prolonged, the conidia 
germinated over a wide range of temperatures. In a second test, attempts 

TABLE 2* — Belation of temperature to germination of conidia of Botrytis fabae 
Bardina 


Experiment! (241101118) 

Experiment 2 (48 hours) 

Temperature, 

Percentage of 

Temperature, 

Percentage of 

in degrees C. 

germinating conidia 

in degrees 0. 

germinating conidia 

10^11 

0.0 

15-17 

76.8 

14-15 

11.1 

17-19 

85.4 

20-21 

68.9 

19-21 

93.0 

24-25 

58.9 

22-23 

74.1 

29-30 

23.6 




were made to determine more exactly where the optimum temperature lies. 
It is between 19*^ and 21 C. This optimum is close to that found by Ikata 
(8) who reported it at about 20"^ C. The maximum and minimum tem- 
peratures for conidium germination were 34"^ and 5° C., respectively. 

HOST BANGE OF THE FUNGUS 

In inoculation tests, Sardiha (21) found that Botrytis faiae is unable 
to infect plants outside the Leguminoseae. Among the leguminous plants, 
he obtained infection on French bean. Ikata (8) inoculated Fmm faba, 
Pisum sativum, Pkaseolus vidgo/tis, Astragalus sinensis, Medicaga sativa, 
and a second species of Yicia with a suspension of conidia of the fungus 
and found none of these plants, except its own host (F. faba), was infected. 
Schnellhardt and Heald (22), in connection with their studies on the decays 
of apple, made artificial inoculation on the fruit with various species of 
Botrytis meluding B. fabae Sardina. This fixngus was only weakly para- 
sitic to apples. Nattrass (12) observed a chocolate-spot disease of Yieia 
sativa in nature. The sporulation of its causal fungus closely resembled 
tiiat of B. fabae Sardina and when broad beans were artificially inoculated 
with a suspension of conidia, the characteristic chocolate spots were pro- 
duced. 

In the course of the present investigation, inoculation experiments were 
repeatedly made for determining the host range of the fungus. The results 
obtained indicate that Botrytis fabae will not attack non-leguminous plants 
such as potato, tomato, pepper, eggplant, lettuce, carrot, celery, radish, 
and cabbage. Inoeixlations with suspensions of conidia on the following 
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leguminous plants also gave negative results: AracMs hypogaea L., Cercis 
chinensis Bunge, DolicJias lablab L., Glycine max Merr., Indigofera spp., 
Lespedeza hicolor Turcz., L, striata Hook. & Arn., Lupinus albus Jj., Medi- 
caga sativa L., Melilotus alba Desr., M. officinalis (L.) Lam., Phaseolus 
angwlaris 'Wighty P. aureus Roxb., P, mungo L., P. vulgaris L., Bobinia 
pseudoacacia L., Sophora japonica L., Trifolium incarnatum L., P. pratense 
L., T, repens L., Yicia tetrasperma (L.) Moeneb., F. villosa Roth., Vigna 
sinensis Savi., Wisteria sinemis Sweet. The leguminous plants that were 
infected were Yicia faba L., Pisum sativum L., P. sativum var. arvense Poir., 
and Yicia sativa L. The fungus invariably produced small red spots on 
Yicia sativa L. when it was artificially inoculated. In the case of Pisum 
sativum L. and P. sativum var. arvense Poir., the results obtained were 
variable. In a few tests, the fungus failed to infect the plants. 

OVERWINTERING EXPERIMENTS 

Experiments were undertaken to determine by what means the fungus 
lives through the winter. Sclerotia produced on sterile soybean stems in 
flasks were placed in a wire basket and left in a bean field where they were 
exposed to prevailing weather at Nanking from November to March in the 
winters of 1928, 1934, and 1935. Sclerotia were viable at the end of the 
winter in all three years. 

In another experiment, sclerotia taken from potato-dextrose-agar plates 
were either left on the soil surface in the field or buried about two cm. below 
the soil level in pots containing fine clay soil. The experiment was started 
Nov. 1, 1934. Forty days later, abundant sporulation was seen on the sur- 
face of sclerotia which had been left on the soil surface. None of the buried 
sclerotia had germinated at the end of 68 days. They were then turned and 
brought to the soil surface, and there was abundant sporulation about a 
month later. These experiments indicated conclusively that sclerotia may 
carry the disease through the winter. 

In order to find out whether or not conidia might live over the winter, 
experiments of the viability of conidia under desiccation were made. Drops 
of spore suspension made of foesh spores were placed on clean glass slides 
in a dry container hanging on a tree in the field and left under drying 
conditions. Germination tests were made at regular intervals until no 
germination was observed. About 80 per cent of the spores germinated at 
the end of 70 days. After this, the percentage of spore germination dropped 
sharply to about twenty. At the end of 140 days, few spores still retained 
their viability. Since the broad bean crop is harvested in the middle of 
June and the disease has never been observed in November under natural 
conditions, it is improbable that conidia produced on the affected plants of 
the first year cause infection in the spring of the next year. 

LIFE HISTORY STUDIES 

It has been stated above that sclerotia have never been observed on the 
diseased plants under natural conditions. However, when affected stems 
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were cut and piled in a low moist shady place in a field, sclerotia were occa- 
sionally found either on the surface or underneath the epidermis of the 
steins during July or August. In this connection, it is interesting to men- 
tion that in certain inoculation experiments, sclerotia had been found under- 
neath the epidermis of the inoculated plants that were kept under moist 
conditions for a considerable time. The writer is inclined to believe that 
the production of sclerotia under natural conditions, if it occurs, is deter- 
mined by proper moisture and temperature conditions as well as by the 
stage of maturity of the host plants. 

In the overwintering experiments, the fungus survived the dormant 
period as sclerotia. Sclerotia germinate in the spring and produce abun- 
dant conidia which bring about primary infection. This primary infection 
is tremendous because sclerotia may produce several crops of spores in a 
short time. In one laboratory experiment, sclerotia with conidia taken in 
from the fields on March 22 were washed thoroughly with tap water and 
incubated in moist dishes. Conidia were again formed in less than 24 hours. 
The sclerotia were washed again, dried, and again washed. The procedure 
has been repeated as many as six times in 24 days and conidia were still 
produced by the sclerotia. 

Under favorable conditions, conidia produced in great abundance on 
the first-infected leaves furnish abundant inoculum for the second infection, 
which occurs commonly in May. A great number of spores were caught on 
dishes containing agar or on slides coated with vaselin when these devices 
were exposed in a bean field. The prevailing high atmospheric humidity 
is extremely favorable for production of conidia and for infection by the 
fungus. 

INFLUENCE OF CLIMATIC CONDITIONS 

Eed-spot disease of broad bean has been found in all the bean-growing 
districts along the Yangtze river and near the sea coast of China, but it is 
rare in many other regions of the country. Diseases caused by Batrytis are 
generally prevalent and severe under high moisture (1, 2, 6, 16, 23, 25). 
In ease of the present disease, Sardina (21) found that a relative humidity 
of at least 85 per cent is necessary to induce infection on beans. Experi- 
ments by the writer also indicated that a relative humidity of 90 per cent 
or above is essential for infection as well as for production of conidia on 
affected plant parts. 

The influence of moisture on this disease may be better understood by 
comparing meteorologie data, for the two months prior to the harvest of 
the crop in a diy and a wet region. They may be represented by Kunming 
in south’west China and Nanking along the river. In Kunming, the disease 
appears rarely, whereas in Nanking it occurs in great abundance. The 
average monthly precipitation in Kunming for March and April in the five 
years from 1928 to 1933 were respectively 38 and 47 mm. Relative humidi- 
ties for the same months were respectively 60,5 and 61.8 per cent, amounts 
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far below the minimum as shown both by Sardiha (21) and the writer. In 
Nanking, the average monthly precipitation for April, May, and June in 
1933 was respectively, 114.1, 116.4, and 135 mm., and the relative humidity 
for the same months was respectively 83.2, 85.2, and 93.1 per cent. The 
difference in moisture conditions apparently explains the incidence of the 
disease in these two regions. 

summary 

A leaf-spot disease of broad bean in China, here referred to as red-spot 
disease, is found to be identical with that described by Sardina in Spain 
and is caused by Botrytis fabae Sardina. The disease is widely distributed 
in China, especially in the bean-growing regions along the Yangtze river 
and near the sea coast. Under suitable environmental conditions, affected 
leaves may collapse or plants may be so defoliated that pods do not form. 

The symptoms of the disease and the morphology and physiology of the 
causal fungus have been described. 

The fungus appears to be limited to a few species of the Leguminoseae. 
Of a large number of leguminous plants exposed to artificial inoculation, 
only Vicia sativa L., Pisum sativum and P. sativum var. arvense Poir., in 
addition to Vicia faba L., were slightly infected. The fungus so far has 
been unable to attack plants outside the Leguminoseae. 

Overwintering experiments indicate that the fungus, may overwinter by 
means of sclerotia, although they have never been observed on diseased 
plants in nature. The disease is probably not carried through the winter 
by conidia produced on the affected plants of the previous season. 

The prevalence of red-spot disease in the various bean-growing regions 
is correlated with rainfall and atmospheric humidity. The scarcity of the 
disease in the southwest is correlated with the dry climate whereas its com- 
mon occurrence along the river or near the sea coast is correlated with high 
atmospheric moisture during the two months prior to the harvest of the 
beans. 

No attempts have been made to control the disease. 

University OF Nanking, 

Chengtu, China. 
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I3ISTEIBUTI0N OF RACES OF TILLETIA CARIES AND TILLETIA 
FOETIDA AND THEIR RELATIVE VIRULENCE ON 
CERTAIN VARIETIES AND SELECTIONS 
OF WHEATS 

H. A. Rodenhisee a isr d 0. S. H o l t o n 2 
(Accepted for publication July 10, 194:5) 

INTRODUCTION 

Experiments were started in 1932 to obtain information on the number, 
distribution, and prevalence of physiologic races of Tilletia caries (D. C.) 
Tul. (T. tritici (Bjerk.) Wint.) and T. foetida (Wallr.) Lire (T. levis 
Xuehn) in the different wheat-growing regions of the United States. In 
previous papers (4, 7) 14 races of T. caries and 10 of T. foetida were de- 
scribed on the basis of the reaction of certain dffierential varieties of winter 
and spring wheats. These data, together with information on the prevalence 
and distribution of the races, are basic to a well-rounded program for the 
development of bunt-resistant varieties. Data are presented here (1) on the 
identification of 7 previously undescribed races, (2) on the distribution of 
species and races in the principal wheat-growing areas of the United States, 
and to a limited extent in Mexico, and (3) on the relative virulence of races 
on certain winter and spring wheat varieties and hybrids that may be of 
interest to wheat breeders in connection with the development of bunt-resis- 
tant varieties. 

NEW PHYSIOLOGIC RACES 

The methods used in the identification of bunt races have already been 
•described (4, 7). The reactions of differential wheat varieties to all known 
races, including 2 new races of Tilletia caries (T~15 and T-16) and 5 of 
T. foetida (L-11 to L-15, inclusive) are in table 1. The original source of 
each of the 7 new races and the distinguishing pathogenic characters of each 
are shown in table 2. Among the races previously described, there are 
.several that differ from each other in relative degrees of virulence on the 
same differential hosts. This is likewise true of 6 of the new races here 
•described and their occurrence probably does not change greatly the factors 
to be considered in breeding for bunt resistance. However, the new races 
‘T-15 and T-16 complicate the breeding program somewhat since one may no 
longer expect to obtain varieties from combinations of Hohenheimer, Hussar, 
-and Oro that are resistant to all known races. It should be possible, how- 
ever, to obtain the desired resistance by bringing in the so-called Ridit fac- 
tors which control resistance to both of these races. 

1 Cooperative iuvestigatiou of the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Research Adminis- 
tration, XT. S. Department of Agriculture, and the Agricultural Experiment Stations of 
“Washington and Idaho, 

2 Senior Pathologist and Pathologist, respectively, Division of Cereal Crops and 
Diseases. 
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races of Tilletia 

Species 

and 

race 

Hybrid 128 

mm. 

Oro 

Holieiiheimer 

Hussar 

Albit 

Martin 

White Odessa 

Ulka 

Marquis 

01 

2 - 

S 

o 

r. caries 












T-1 

S 

R 

R 

R 

R 

R 

R 

R 

8 

I 

R 

T— 2 

S 

R 

R 

R 

R 

R 

R 

R 

S 

R 

R 

T-3 

s 

R 

R 

R 

R 

R 

R 

R 

8 

8 

8 

T-4 

s 

R 

R 

R 

R 

I 

S 

S 

8 

8 

R 

T-5 

s 

R 

R 

R 

R 

I 

S 

S 

8 

8 

8 

T~6 

s 

R 

R 

R 

R 

S 

S 

S 

8 

8 

R 

T-7 

s 

R 

R 

R 

I 

S 

S 

B 

8 

8 

I 

T-S 

s 

R 

R 

R 

S 

S 

s 

S 

8 

8 

8 . 

T-9 

s 

R 

R 

I 

R 

R 

R 

R 

8 

I 

R 

T-10 

s 

R 

R 

s 

R 

R 

R 

R 

R 

I 

R 

T-11 

s 

s 

R 

R 

R 

R 

R 

R 

I 

8 

8 

T-12 

s 

R 

R 

S 

R 

S 

I 

S 

8 

R 

R 

T-13 

s 

s 

R 

R 

S 

S 

R 

S 

I 

8 

I 

T-14 

B 

R 

R 

R 

R 

S 

R 

8 

8 

R 

R 

T~1d 

B 

R 

R 

B 

S 

S 

S 

8 

8 

8 

S 

T-16 

J. foetida 

B 

R 

s 

S 

R 

R 

R 

R 

8 

I 

I 



aBcr Kesistant (0-10 per cent infection) ^ I = Intermediate (11-40 per cent infec- 
tion) ; S = Susceptible (41-100 per cent infection) . 

Eaees L-13, Lf~-14, and L-15 were identified from the collections made in 
Mexico (Table 2), L-13 is the only race of Tilletia foetida that is patho- 
genic on the variety Hohenheimer. In this respect it is similar to T-10, but 
the two differ in pathogenicity on Ulka and Marquis. Races L-14 and L-15 
have the same host range as L-4 and L-7, respectively. The distinction be- 
tween L-14 and L-4 is based on the degree of virulence on Martin and 
Marquis, while L-15 and L-7 differ in degree of virulence on Marquis and 
Canus. ■ 

mSTUIBITTIOK OF SPECinS AND EACEB 

Species 

Surveys to determine the distribution of TilUiia caries and T. foetida 
have been made by several investigators (2, 6, 13) . It is evident from their 
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reports that T. caries occurs over a considerable area of the United States but 
its prevalence is most marked in certain regions. It is common in the durum 
wheats grown in the Upper Mississippi Valley and greatly increases in rela- 
tive prevalence toward the intermountain area of the Northwest where it has 
been the predominating species. Elsewhere in the United States T. foetida 
has always predominated and in recent years it has increased in relative 
prevalence in the Northwest. In fact, according to Kienholtz and Heald 
(6), only T, caries was known to occur in the State of Washington prior to 


TABLE 2. — Original source and differential characteristics of seven new races of 
Tilletia caries and T. foetida 


Species 

and 

race 

Collec- 

tion 

No. 

Source and differential characteristics 

T. caries 

T~15 

571 

From Oro wheat in 1938 near Cottonwood, Idaho, collected by W. M. 
Bever, who made preliminary tests on differential hosts and rese- 
lected it from Hohenheimer at Moscow, Idaho. It is similar to 
T-12 on several varieties but differs from this race by the sus- 
ceptibility of Hussar, Martin, Marquis, and Canus. 

T-16 

346 

From a field of Leap wheat in 1938 near Charlestown, W. Va. It is 
characterized by the susceptibility of Oro and Hohenheimer and 
the intermediate reaction of Marquis and Canus. It is the only 
race that is pathogenic on both Oro and Hohenheimer. 

T- foetida 

L~ll 

264 

From a field of mixed wheat in 1935 near Sutter, California. It is 
similar to race L-1 and differentiated from it only by the reac- 
tion of Canus which is resistant to L-1 and intermediate to L-11, 

L-12 

278 

From a field of Poole Wheat in 1936 near Staunton, Ya. It is 
characterized by the susceptibility of Albit and the resistance of 
all of the other winter wheat differential varieties. 

L-13 

308 

From a field of mixed wheat in 1936 near Mexico City, Mexico. 
It is characterized by the susceptibility of Hohenheimer. This 
is the only known race of the species to which this variety is 
susceptible. 

L-14 

307 

From a field of mixed wheat in 1936, 30 miles northwest of Mexico 
City, Mexico. It is similar to race L-4 but differentiated from 
it by the intermediate reaction of Martin and the susceptible 
reaction of Marquis. 

L-15 

311 

From a field of mixed wheat in 1936 near San Juaquin, Mexico. 
This race is similar to Ir-7 but is differentiated from it by the 
susceptibility of Marquis and intermediate reaction of Canus. 


1918 but surveys made in 1927 and 1928 showed that T. foetida was present 
in all the principal wheat-growing districts of this State. However, T. caries 
was still the predominant species. In 1929 and 1930 Flor (2) made collec- 
tions of bunt from 182 fields in the principal wheat-producing areas of Ore- 
gon, Washington, and northern Idaho, and found T, caries in every collec- 
tion and T. foetida in 60 per cent of the collections. 

The present report is based on studies with 369 collections® of Tilletia 
caries and T. foetida made from 1932 to 1942. As shown in tables 3 and 4, 
they were obtained from 35 states in the United States, 6 states in Mexico, 

8 A few field collections were mixtures of the two species or more than one race. 
When isolated each was given a separate collection number. 
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and 2 provinces in Canada. Of the total number of collections 62 were T. 
caries, obtained from 15 states and provinces, and 307 were T. foetida, ob- 
tained from 41 states and provinces. Thus, T. foetida has a much wider 
distribution than T. caries, the former being found in all except one of the 
States and Provinces from which collections were obtained and the latter 
in less than a third of the collections. The increase of T. foetida in the 
Northwest noted in pi-evious surveys is corroborated by the results of the 
present survey. Of 94 collections made in the far western states, including 


TABLE 3 . — Number and. distribution of physiologic races of lilletia caries in es 
collections from North America. 
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Per cent 

33.9 14.5 4.8 3.2 1.6 8.1 6.5 8.1 3.2 1.6 3.2 1.6 1.6 4.8 1.6 1.6 



Colorado and Wyoming, 41 were T. cartes and 53 were T. foetida. East of 
tihe Eoeky Mountains, T. foetida continued to predominate as shown by the 
fact that, of 238 collections, 221 were T. foetida and only 17 were T. caries. 
It seems evident that T. foetida hsis spread to new regions more readily than 
T. caries. The explanation for this apparent wider adaptation of T. foetida 
is not indicated by the data at hand, 

Eaces of TUletia caries 

The distribution of the races of Tilletia caries is shown in table 3. The 
16 races of this species, identified in 62 eolleetions, were distributed in 13 
states in the United States, one state in Mexico, and one province in Canada. 
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Thus, on the average, a different race was identified for approximately every 
four collections of the species. This high ratio is partly explained by the 
fact that several races that were previously identified by other investigators 

TABLE 4 . — Number and distribution of ‘physiologic races of Tilletia foetida in S07 
collections from North America 


Source of 
collections 


Number of collections of races 


tH W 00 'll >c 

H H H 1-1 
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were included in the colleetioiis. Therefore, strictly speaking, all of the 
so-called collections were not actually field collections. 

The number of collections of each race ranged from 1 to 21. Eaces T-1 
and T-2 were the most prevalent, constituting 33,9 and 14.5 per cent, respec- 
tively, of the collections of Tilletia caries. The former, identified only from 
collections in four western states and Sonora, Mexico, greatly predominated 
in eoilectioiis from California -where 15 of the 16 collections of this species 
w^ere T-l. That it was collected only once in Idaho and once in Washington 
probably is due to the fact that these states had been thoroughly surveyed 
by earlier workers and in the present studies emphasis was placed on collec- 
tions from varieties that are resistant to T-1. Eace T-2 was identified in 
collections from five states over the hard red spring and the hard and soft 
red winter wheat areas but it is apparently commonest in the durum section 
of the bard red spring wheat area. As shown in table 1, this race is rela- 
tively innocuous on all but one of the winter wheat differential varieties; 
hoAv^ver, it is highly virulent on Minduni and certain other durums, thus 
complicating the problem of breeding for bunt resistance in this class of 
wheats. Eaces T-6 and T~-8 "were found in 5 collections each, the former 
being obtained from 5 areas and those of the latter from 4 areas. Both of 
these races are important factors in the winter and spring wheat improve- 
ment program. Six races, namely, T-5, T-10, T-12, T-13, T-15, and T-16, 
w’'ere each found in only one collection. However, this does not greatly 
minimize their importance, because of the fact that bunt is accumulative. 
Consequently, in a wheat improvement program, all races should be con- 
sidered, even though for the time being some of them appear to be of uncom- 
mon oceurrenee. 

Classification of the dwarf bunt fungus in relation to the races of Tilletia 
caries that cause ordinary bunt is being held in abeyance until methods have 
been devised whereby comparable pathogenicity tests may be made. How- 
ever, because of the importance of dwarf bunt in certain wheat-growing 
areas, information on its occurrence and distribution is needed. Dwarf bunt 
first attracted attention as a regional problem in wheat production in 1931. 
At that time it w^as observed^ in devastating proportions over a fairly wide 
area in southeastern Idaho and northern Utah. In the same year it was 
observed on the High Prairie area of Klickitat County in south-central 
Washington by Eoderick Sprague and in the Gallatin Valley near Bozeman, 
Montana, by P. A. Young and H. E. Morris. Since then, other reports of 
dwarf bunt have shown that it now^ occurs over a much wider area in these 
states. 

The most extensive area of dwmrf hunt infestation apparently is in Idaho 
where it occurs (1) throughout the dry-land wheat area of the southeast 
portion; (2) in the prairie region around Winchester and Nespei'ce; (3) on 
the ridges east of Troy ; (4) in the Palouse near Genessee; and (5) in the 
semi-timbered section around Worley and Plummer. Thus, in Idaho, the 

^ Observations reported by representatives of the Division of Cereal Crops and Dis- 
eases and cooperating agrienltnral experiment stations in Idaho and Utah. 
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infested areas are distributed from the southern border to the panhandle. 
In Washington, in addition to the infested area on High Prairie (Klickitat 
County), which extends eastward to the Goldendale area, dwarf bunt has 
been observed near Waterville (Douglas County), near Wilbur (Lincoln 
County), and near Spangle (Spokane County). The occurrence of dwarf 
bunt in Wyoming, adjacent to the southeastern border of Idaho, has been 
reported by Blodgett (1). 

Dwarf bunt infestation near Bozeman, Mont., was observed as earty as 
1931. Recently it has been reported by R. H. Bamberg and H. E. Morris 
to occur in destructive proportions in the northwestern part of the State ex- 
tending from 20 miles south of Flathead Lake to 10 miles north of Kalispell. 
In Utah, the first area of infestation observed was in the Cache Valley near 
Logan, Cache County, and in Box Elder County by D. C. Tingey and R. W. 
Woodward. During the past 10 years it has spread and is now established 
over the entire dry farm areas of the northern part of the State. It also is 
locally distributed in Salt Lake County and as far south as the eastern end 
of Juab County near Nephi. 

Dwarf bunt has been found also in Colorado^ and New York'’^ as indicated 
by reports verified by specimens examined by the writers. 

Eaces of Tilletia f oetida 

A total of 307 collections, or 83,2 per cent of those studied, proved to be 
Tilletia foetida. The distribution of the 15 races identified is shown in 
table 4. They were distributed in 34 states in the United States, six states 
in Mexico, and one province in Canada. Thus, on the average a different 
race was identified for approximately every 20 collections. The number of 
collections of each race ranged from 1 to 78. Races L~l, L~2, L~3, and L-4 
predominated with respect to number of times collected and range of distri- 
bution. Of these, L-l was most prevalent and widely distributed, having 
been collected 78 times in a total of 25 states, including those of Mexico. 
Sixty-one collections from 13 states and provinces yielded L-2, and 60 collec- 
tions from 18 states, in the United States only, yielded L-3. Next in relative 
prevalence was L-4, which was found in 37 collections from 18 states, in the 
United States only. L-2 and L-3, which have a limited range in patho- 
genicity on the winter wheat differential varieties, were the commonest races 
of T. foetida collected in the hard red spring -wheat area. One of the five 
new races of T, foetida, L-11, reported for the first time in this paper, was 
widely distributed, having been collected in seven eastern and midwestern 
states and in California. 

The twenty-nine eolleetions of Tilletia foetida fvom 6 states in Mexico 
yielded 6 races, three of which are new, namely, L-13, L-14, and L-15. Of 
these three, only L-15 has been found in the United States. Race L-2, wdxich 
is among the four most common races in the United States, also was the most 

6 Eeport by B. W*. Bocline and L. W. Burrell in Plant Bisease Beporter 25 : 485, 1941; 
and in correspondence with E. F. Barley. 

6 Observed by B. B. Bayles who furnished specimens for laboratory study. 
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coiimion one in Mexico. The new races L-14 and L-15 have wider host 
raiige>s than L-2 and were found 7 and 4 times, respectively, in Mexico. It 
is also noteworthy that L-~8, -which, in the United States^ was found only 
among the winter wheats of the western region, \vas collected once as far 
south as Puebla. 

VARIETAL RESISTANCE 

The varietal tests with different races of bunt reported in this paper were 
made to obtain information that would assist plant breeders in selecting 
parent material to use in the development of bunt-resistant varieties. The 
varieties tested include a number of commercially grown spring and winter 
wheats, some hybrid selections that in preliminary experiments had resis- 
tance to at least some of the known races, and a few varieties now being used 
as breeding material for rust resistance. The technique employed in pre- 
paring, inoculating, and planting the seed was the same as that previously 
described for experiments made in determining physiologic races. The 
spring wheats W’-ere tested at Aberdeen, Idaho, and the winter wheats at Pull- 
man, Wash. All of the tests were not made the same year and for this 
reason the reactions for all varieties are not strictly comparable. The data 
presented, however, were obtained in years when environmental conditions 
favored high infection as evidenced by the fact that each year the winter 
wheat cheek variety, Hybrid 128 (G.I. 4512), vhad on the average more than 
75 per cent bunt, and the spring w^heat cheek, Ulka (G.I. 11478), from 85 to 
99 per cent for all races to which it is known to be susceptible. Furthermore, 
there was excellent differentiation between races on the standard differential 
varieties, which were included each year in the same plots for comparison. 
The smut percentages are based on total number of culms, averaging 300 
per 5-foot row for the spring varieties and 250 per 6-foot row for the winter 
ones. Fractional percentages of 0.5 or more were recorded as 1 per cent, 
those below this fraction as a ^ ^ trace ^ V (T ) . 

With a few exceptions, the results of the varietal tests -with physiologic 
races are summarized in table 5. The data on the following 13 varieties and 
selections are omitted because these varieties were all either intermediate or 
susceptible in reaction to each of the races, and, therefore, are of no value 
as parent material in breeding for resistance to bunt. These varieties are 
Cadet (C.I. 12058), Froiidoso (G.I. 12078), Frontiera (G.I. 12019), Kenya 
(G.I. 12332), McMnraehy (C.I. 11876), Red Egyptian (O.I. 12345), Akron 
No. 7 (C.L 11660), Tenmarq (C.I. 6936), Carlson Fife (O.I. 11922), Elgin 
(C.I. 11755), Hindi (G.I, 8454), Jenkin (G.I. 5175), and No Name (CJ. 
12301). 

It is evident from the data presented in table 5 that there are a number 
of wheats that possess factors for resistance to all of the races of both species 
of the bunt fungi insofar as the races have been definitely delimited. There 
are five hard red spring wheats, four hard red winter wheats, and Tritioum 

i CJ, refers to aeoassion jxumber of the Bivisioii of Cereal Crops and Diseases. 
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timopheevi that are generally resistant. In the other groups, no generally 
resistant varieties have been found. 

The five generally resistant hard red spring wheats are (1) Hope, (2) 
Komar X Hussar selection, (3) Regent x Pilot selection, (4) Reliance-1018 x 
Mercury selection, and (5) Renown. Except for Komar x Hussar selection, 
the resistance in these wheats, when sown in the spring, is apparently con- 
ditioned by the Hope factor. It is known, however, that certain spring 
wheat varieties are more resistant when planted in the spring than in the fall 
(3, 9, 11, i2). Hope is in this group and although it and the hybrids that 
have this variety as one of the parents were highly resistant when planted 
in the spring at Aberdeen, Idaho, it is quite possible they will be susceptible 
if planted in the fall. The high degree of resistance of the Komar x Hussar 
selection may possibly be due to transgressive segregation, as neither of the 
parents, which have been tested extensively in Uniform Bunt Nursery experi- 
ments with composite inoculum of some of the races, have had the resistance 
shown by the hybrid in these tests. 

The four generally resistant hard red winter wheats are selections of (1) 
Oro X Turkey-Plorence, (2) Rex x Oro, (3) Rex x Rio, and (4) Rio x Rex. 
It is also noteworthy that a selection of H-44 x Minturki (C.L 12414) was 
resistant to all races except T~-15 and T-16, to w'hich it was intermediate in 
reaction. In general, howevei', it appears that both Hope and H“44 are less 
satisfactory as sources of bunt resistance for breeding winter wheats than 
they are for spring wheats. Thus in preliminary experiments at Pullman, 
Wash., in 1942, selections from 16 hybrid lines involving Hope with the 
winter wheats Cheyenne, Kanred, Mediterranean, Kawvale, Red Rock, and 
Fultz, and 8 lines of H-44 with Minturki were tested with a composite of 
races L-2, L-8, and T-8. One selection from the Hope hybrids and three 
selections involving H-44 were intermediate in reaction while the other 13 
were completely susceptible. 

Of the white spring wheats, a selection of Hope x Federation (C.1. 12423) 
showed some degree of resistance to all races and Orfed was highly resistant 
. to all races except T-16 and L-8. Of the white winter wheats, Washington 
Selection 6, was intermediate in reaction to T-16 and L~8 and resistant to 
all the other races. 

Unfortunately the new races from Mexico were not used in the tests. 
However, the resistance of Ridit and Oro to these races (Table 1) indicates 
to some extent how certain other varieties might react, and insures the avail- 
ability of a resistance factor for developing new varieties resistant to these 
races should they become a menace to wheat production in the United States. 

TriUcim timopheevi (G.1. 11802) was the only wheat tested that was free 
from infection by all races. Shands (10) has succeeded in hybridizing T. 
timopheevi and a common wheat T. aestivimi and five of his selections were 
included in these tests. The high degree of general resistance of the T. 
timopheevi pdivent, however, was not recovered in the hybrids. Bach selec- 
tion was resistant to some races, although the different selections were not 
always similarly resistant, intermediate, or susceptible to the different races. 
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Owing to the nature of the dwarf bunt fungus, pathogenicity tests com- 
parable with those of the other races could not be made. There is evidence, 
however (5, 8, 14), that the so-called Hussar, Ridit, and Martin factors effec- 
tively control resistance to this bunt. Several hybrid strains deriving their 
resistance to dwarf bunt from one or more of these wheats were used in the 
present experiments, namely, Relief (Hussar x Turkey, Utah No, 26), Cache 
(Ridit X Utah Kanred), Hymar (Hybrid 128 x Martin) and Wasatch (Ridit 
X Relief). As would be expected from their parentage, these hybrids were 
resistant to a number of races but developed considerable bunt when inocu- 
lated with those races to which Hussar, Ridit, and Martin are susceptible. 
Oro X Turkey-Plorence selection, on the other hand, is not only highly resis- 
tant to all of the races of ordinary bunt, but also has been resistant to dwarf 
bunt in several tests (5) . However, the results have been somewhat conflict- 
ing inasmuch as this variety developed 22 per cent of dwarf bunt in one of 
the tests at Logan, Utah. Actually it probably has the same resistance to 
this bunt as Ridit and Cache, which is not adequate in areas of severe infes- 
tation. Theoretically, the variety combinations -which offer the best possi- 
bility for producing resistance to all races, including dwarf bunt, are those 
that bring together the Oro and Martin types of resistance, which are carried 
by Rio and Rex, respectively. Data in table 5 on three hybrids of this type, 
namely, Rex x Oro, Rio x Rex, and Rex x Rio, show that they are highly re- 
sistant to all the races of ordinary bunt. Preliminary results® indicate that 
Rex X Oro and Rio x Rex are also highly resistant to dwarf bunt but no 
dwarf bunt tests have been made wuth Rex x Rio. 


DISCUSSION AND CONCLUSIONS 

Several factors probably operate to determine the distribution and rela- 
tive prevalence of races oi TUletia caries said T. foetida. Among them, no 
doubt, are the direct effects of environment on the pathogen, on the host, and 
on the interrelation of the two as well as the distribution of wheat varieties. 
Regarding the influence of environment on the host, there is evidence that 
some varieties vary greatly in their reaction to certain races under differ- 
ent environmental conditions (7, 9). Obviously this factor might effect a 
build-up of inoculum of certain races in some localities. However, this 
probably is a minor factor, since the response of other varieties to the same 
races appeared to be unaffected by change in environment. Probably the 
distribution of specific wheat varieties is the most important factor govern- 
ing the distribution and relative prevalence of the different races. Plor (2) 
found, in his survey of races of TUletia foeiida and T. caries in the Pacific 
Northwest, that the less virulent races of both species predominated on the 
old commercially grown varieties. While the more virulent races were found 
occasionally on the old varieties, they were more common in the districts 
where such varieties as Albit and Ridit were grown. Prom the results of the 
present survey, a similar condition appears to prevail in all wheat-growing 

i^UnpabHslied data from the CooperatiTa Uniform Bwarf Bunt Nurseries of 1944. 
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areas of the United States. Thus, for example, although L-8 was collected 
in California and in Puebla, Mexico, on varieties of wheat that are suscepti- 
ble to all of the known races, it has become increasingly prevalent in certain 
areas of the Northwest where Oro and Togo are widely grown. Similarly, 
race T--2 was found in such widely separated areas as Wyoming, North 
Dakota, and Georgia, but its importance coincides with the distribution of 
the durum wheats in the hard red spring wheat area. More recent changes 
in the varieties grown in certain other wheat-growing areas may afford 
opportunity for further study of this factor as it affects the distribution of 
races. For example, in the Southwest, Baart and White Federation, which 
are susceptible to the predominating races (L-l, L-2, L-3, and T-1) in that 
area, are being replaced by Baart 38 and White Federation 38. These new 
varieties should eliminate these races but, on the other hand, they may favor 
an increase in prevalence of the so-called Martin races to which they are sus- 
ceptible. Likewise, it will be of interest to note whether the distribution of 
the new Turkey type wheats, Nebred and Comanche, will effect a build-up of 
race L-8 in the Nebraska and Kansas hard red winter wheat area. 

It is evident from the study of the bunt reaction of different varieties 
(Table 5) that there is ample bunt-resistant breeding material. At the pres- 
ent time the Hope factor seems adequate to control the known races of bunt 
infecting spring wheats while combinations of factors from Oro with Martin 
or Ridit control the races that infect the winter wheats. For example, fac- 
tors governing the so-called Martin reaction in the variety Rex when com- 
bined with those governing the Oro type reaction of the Rio parent gave a 
hybrid resistant to all races. Likewise, combining the Oro factors with those 
of Turkey-Florenee, which supplied the so-called Ridit reaction, gave equally 
satisfactory results. Hybrids between Martin and Ridit were not available 
for the present studies. It should be possible, however, to derive from such 
crosses lines that would be resistant to all races since none of those infecting 
Martin inf ect Ridit, and vice versa. 

The problem of breeding bunt-resistant varieties for certain sections of 
Utah, Idaho, Montana, and Washington is complicated by the occurrence of 
the dwarf bunt. The commercially grown varieties. Relief, Cache, and 
Wasatch, are resistant to dwarf bunt but are susceptible to certain races of 
both Tilletia foeiida and T, caries that occur in those areas. There remains, 
therefore, the problem of combining the factors governing resistance to 
dwarf bunt with those governing resistance to races of both species of the 
ordinary bunt. Variety combinations that, theoretically, should produce 
this type of resistance would include as one parent, Rex, Hymar, Relief, or 
Wasatch, and as the other parent, Oro, Rio, Togo, or Nebred. 

SUMMARY 

Seven new races of Tilletia caries SLiii T, foetida are described, making 
the total number of known races 31, of which 16 are of the former species 
and 15 of the latter. Three of the new races of T. foetida were identified 
from collections made in Mexico. 
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Evidence corroborating results of previous surveys was obtained relative 
to the general distribution of the two species of the bunt fungi. Tilletia 
foetida is now the predominant species throughout the United States but 
T. caries is found over a eonsiderabie area. It is common in the durum sec- 
tion of the Upper Mississippi Valley and greatly increases in relative preva- 
lence toward the intermountain area of the Northwest where it formerly was 
the predominant species. 

The distribution of 16 races identified from 62 collections of Tilletia 
caries and 15 races from 307 collections of T, foetida are shown. Several of 
the races are widely distributed while others are more limited in their distri- 
bution. It seems evident that the distribution of specific wheat varieties is 
the most important factor governing the prevalence of specific races within 
a given area. Thus, for example, races T-11 and L-8 have assumed increas- 
ingly greater importance in the areas where Ridit and Oro, respectively, have 
replaced the old commercial varieties that had served as hosts of the more 
common races. 

A number of varieties and selections were resistant to all of the races of 
ordinary bunt that w^ere tested. It seems evident that thus far the Hope 
factor adequately controls these races in the spring w^heats while lines de- 
rived by combining the so-called Oro and Martin factors, as in Rex x Oro and 
Rio X Rex, supply the necessary resistance for the winter types. Theoreti- 
cally, selections from crosses between Martin and Ridit should likewise 
possess the desired rcvsistaiice. 

Dwarf hunt is a real menace to wheat production, particularly in certain 
sections of Utah, Idaho, and Montana. It is increasing in importance in the 
State of Washington and has been found in Wyoming, Colorado, and New 
York. The varieties, Relief, Cache, and Wasatch, although resistant to 
dwarf bunt are susceptible to a few races of the ordinary bunt fungi, hence 
there remains the problem of eonibining the factors that will supply resis- 
tance to both types. 

Division OP Cebeal Crops AND Diseases, 

U. S. Department OP Agriculture. 
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NEW PHYSIOLOGIC PACES OP USTILAGO HOKDEP 
V. P. TapkE” 

(Accei>ted for publication July 10, 1945) 

INTRODUCTION 

The importance of physiologic races of covered smut (Ustilago hordei 
(Pers.) Lagerh.) iu the breeding and distribution of resistant varieties of 
barley in the United States is well recognized. In a previous paper (10) 
the writer i^eported the isolation of 8 clear-cut races among 200 covered smut 
collections from 26 States. Since the publication of that paper, 244 addi- 
tional collections from barley-growing States have been studied. Five new 
i^aees have been identified. The reactions of these races on the differential 
varieties and the distribution of races in the States from which collections 
■were obtained are presented herewith. 

PREVIOUS INVESTIGATIONS 

The writer earlier report (10) reviewed the previous studies up to 
1937. Since then, Allison (1) in a one-year test of 28 collections on 11 
varieties of barley found evidence of pathogenic differences in 27 of the lot 
but hesitated to consider all of them as distinct races. Semeniuk (9) studied 
12 Canadian collections of Ustilago hordei and obtained evidence of 4 races, 
but in a later test the distinctions between 3 of the races had practically 
disappeared. 

MATERIALS AND METHODS 

The tests were conducted under field conditions at Ithaca, N. Y., 1939 
to 1942, inclusive. The technique of seed inoculation, seeding, and other 
phases of experimentation followed that described in the report of the earlier 
studies at Ithaca (10). The pure-line differential varieties likewise were 
the same except that the black seeded variety Gatami (C.I. 575) was replaced 
by Himalaya (C.I. 1312). Smutted heads, especially the partly smutted 
ones, are difficult to detect in Gatami. A total of the 244 collections from 27 
States were studied. 

The seed used in each year of the test came from the previous season’s 
crop produced under irrigation at Aberdeen, Idaho. This practice also was 
followed in the writer’s previously reported tests (10) although a statement 
to this effect was not included. Judged by the results of Holton and Heald 
(5) with bunt in wheat and of Tervet (14, 15, 16) with loose and covered 
smuts in oats, the use of barley seed lots produced at one place in the same 

1 Cooperative investigations of the Division of Cereal Crops and Diseases, Bureau of 
Plant Industry, Soils, and Agricultural Engineering, Agricultural Besearch Administra- 
tion, U. S, Department of Agrleulture, and the New York (Cornell) Agricultural Ex- 
periment Station. 

2 Pathologist, Division of Cereal Crops and Diseases. The writer is indebted to Dr. 

H. Love and Mr. W. T. Craig, Department of Plant Bi*eeding at Cornell ‘University, 

for supervision of the field plantings at Ithaca, N. Y., and for other helpful assistance. 

■ ' '970 


1945] Tapke: Pi-iysiologic Races op Ustilago hordei 971 

season probably is important in physiologic race studies of the seedling 
infecting barley smuts Ustilago hordei and U. nigra. These investigators 
found that the various lots of a variety grown in difftrent localities in the 
same year often show wide differences in susceptibility when artificially 
inoculated. Tervet (14, 15, 16) also obtained similar results with the various 
lots of varieties grown in the same locality in different years. 

EXPERIMENTAL results 
New Physiologic Baoes 

Five new races (numbered 9 to 13) have been identified hj their reac- 
tions on the 8 differential varieties during the 4 years 1939-'1942. The 

TA.BLE 1 . — Average percentages of smutted heads in 8 varieties of spring Parley 
inoculated with IS physiologic races of Ustilago hordei and grown at Ithaca, Neio YorTc, 
19S4-42 


Eace 

No. 

Numbex 

of 

years 

tested 


Average percentages of smutted beads in 


Excelsior 
O.I. 1248 

Hannclien 
C.r. 531 

Himalaya 
C.I. 1312 

Lion 

C.I. 923 

Nepal 

C.I. 595 

Odessa 

O.I. 934 

Pannier 

G.I. 1330 

o 
cO 
• r-l 05 
rO , 

6-id 

1 

7 

0.0 

20.0 

0.0 

0.0 

0.0 

39.0 

0.0 

6.0 

2 

7 

0.6 

0.3 

0.0 

14.0 

50.0 

34.0 

0.0 

0.6 

3 

7 

24.0 

0.0 

0.0 

12.0 

50.0 

42.0 

0.6 

0.1 

4 

7 

0.4 

8.0 

12.0 

0.0 

35.0 

30.0 

13,0 

13.0 

5 

7 

0.0 

0.0 

0.0 

16.0 

0.0 

38.0 

0.0 

24.0 

6 

7 

0.0 

28.0 

0.3 

22.0 

0.0 

45.0 

0.0 

40.0 

7 

6 

1.0 

0.0 

0.0 

0.0 

33.0 

34.0 

0.3 

5.0 

8 

6 

0.0 

0.0 

0.0 

0.0 

0.2 

37.0 

0.0 

0.0 

9 

4 

13.0 

10.0 

0.0 

6.0 

40.0 

32.0 

0.3 

0.0 

10 

4 

0.0 

13.0 

10.0 

11.0 

43.0 

26.0 

14,0 

11.0 

11 

4 

0.0 

27.0 

11.0 

24.0 

13.0 

39.0 

0.0 

43.0 

12 

4 

Trace 

10.0 

12.0 

0.0 

50.0 

39.0 

0.8 

0,5 

13 

4 

23.0 

16.0 

3.0 

14.0 

37.0 

37.0 

0.0 

18.0 


average percentages of infection obtained on the varieties with these races 
are in table 1. Included in the table are the averages of the previously 
isolated races 1 to 8 during the 1939-1942 period and the earlier years in 
which they were carried (10). 

Each of the 5 new races (9, 10, 11, 12, and 13), as shown in table 1, 
had a distinctive pathogenic action. 

Most of the collections of covered smut produced clear-cut reactions 
when first tested and were evidently composed of but a single race. Not 
infrequently, however, the reaction of the differential hosts indicated that 
a small admixture of one or more other races might be present. With the 
aid of screening hosts, 2 races were isolated from some collections and from 
an Arizona collection 3 races were obtained including the first isolation of 
race 13. In barley covered smut, at least thus far, there has been no evidence 
such as reported in oat smuts (8) and wheat bunt (2, 6) of spontaneous 
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origin of new races from previously stable races throiigli imitation or segre- 
gation of factors for patliogenicity in heterozygous spores. 

Minor clifferenees in size and color of chlamydospores, smoothness of 
spore walls, eompactness of the smutted heads and of the spore masses, 
degree of destriietion of awns, and degree of exsertion of the smutted heads 
from the boot are not infrequently associated with differences in the patho- 
genicity of physiologic races of Ustilago hordei. The heads smutted by race 
12 for example, are less compact and more spongy than those smutted by 
other races ; they usually break out of the boot, as shown in figure 1 ; and the 
spore walls of the ehlamyclospores are slightly echinulate. Other investiga- 
tors (4, 6) have previously reported similar variations in physiologic races 
of other cereal smuts. The magnitude of these differences is, in general, 
insufficient for definite identifications. 

From the behavior of the 8 differential hosts, it is evident that even 
from this limited selection of varieties the control of covered smut through 
breeding for resistance should not be too difficult. The variety, Pannier 
(C.L 1330), for example, was appi^eciably susceptible only to the infre- 
quently collected covered smut races 4 and 10 and to date it has also proved 
immune from all T of the known physiologic races of the black or shallow- 
borne barley loose smut caused by Ustilago nigra (11, 12). 

Finally, in connection with the data of table 1, it is interesting to recall 
that getting high: percentages of covered smut in susceptible barleys under 
field conditions through artificial inoculation of the seed was formerly a 
difficult problem. The consistently satisfactory infections obtained through 
use of the spore-suspension method of seed inoculation (13) during the 7 
years of these tests afford ample proof of the effectiveness of this method. 

Stability of Races 

In studies of differential spring wheat varieties that were inoculated 
with different physiologic races of the bunt fungi (Tilletia levis and T. 
tritici) and growa at different experiment stations, Eodenhiser and Holton 
(7) fonnd that the susceptibility of a certain variety to a certuin race in a 
particular year, for example, might be uniform at the different stations 
but the susceptibility of some other variety to this race might be relatively 
high at some stations and low at others. Similar results were obtained in 
the reactions at individual stations in the course of several yeans. Roden- 
hiser and Holton -were inclined to the view that under the different environ- 
mental conditions the expression of genetic factors for protoplasmic re- 
sistance in certain varieties to certain races may be modified. During the 
course of the present study with barley covered smut at Ithaca, New York, 
a wide variety of climatic conditions was encountered but the relative sus- 
ceptibilities of the differential varieties to each of the 13 races appear to 
have been adequately maintained. With race 6, for example, as shown in 
table 2, the varieties Excelsior, Himalaya, Nepal, and Pannier maintained 
their status of immunity or near immunity throughout the test. The per- 



Fig. 1. Heads of Odessa (C.I, 934) barley smutted by covered smiitj tlie two beads 
at left by race 7, the two at right by race 12, showing differences in inoi’idiologic expres- 
sion. 

maintained its relative degree of susceptibility. With few exceptions in the 
7-year test, Hannchen was more susceptible to race 6 than Lion; Trebi was 


centages of smut in the susceptible Hannchen, Lion, Odessa, and Trebi 
varied widely under the different yearly conditions but each variety still 
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more susceptible tlian Hanncben- and Odessa was more susceptible tlian 
Trebi. Similar gmeral consistencies in reaction occurred with the other 
races. 

Occurrence and 

Table 3 shows the frequency of occurrence of races and their distribution 
by States. The data include 244 collections of the present study and 200 
collections of the similar, previous study (10) . This gives a comprehensive 
picture of the frequency of occurrence and distribution by geographic divi- 
sions and States of 444 collections of Ustilago Jiordei from 33 barley-pro- 
ducing States, 

Eaees 1, 5, and 6, comprised 86.5 j)er cent of the total collections. Race 
6 is by far the most generally important. It occurred in 61.3 per cent of 
the 444 collections and is widely distributed. Race 5 appears largely 
confined to the far western States but it is very important in California 
and Washington where it comprised 63 of the 74 collections from these 

TABLE 2. — Percentages of smtited heads produced hy physiologic race 6 in 8 dif- 
ferential varieties of Parley over a period of 7 years at Ithaca, N, T. 


Yenv Percentages of smutted heads in 

Qf ^ ^ ^ ^ ^ ^ 

test Excelsior Hannelieii Himalaya Lion ISTepal Odessa Pannier Trebi 

1934 0.0 30.0 26.0 0.0 53.0 0,0 46.0 

1935 0.0 17.0 20,0 0.0 34.0 0.0 30.0 

1936 0.0 . 32.0 19.0 0.0 50.0 0.0 31.0 

1939 0.0 42.0 0,0 28.0 0.0 51.0 0.0 60.0 

1940 0.0 23.0 1.0 16.0 0.0 46.0 0.0 38.0 

1941 0.0 21,0 0,0 15,0 0.0 31.0 0.0 31.0 

1942 0.0 33.0 0.0 27.0 0.0 51,0 0,0 42.0 


States. Race 1 has a wdde distribution and was frequently collected in the 
winter-barley area as defined by Harlan and Wiebe (3). There seems to be 
some relation between the regions chiefly inhabited by races 1, 5, and 6, and 
the barley types grown there. Race 1 predominates in the winter barley 
region, race 5 in the region of Coast type barleys, and race 6 in the region 
of the Manchuria-Oderbrucker type. Race 8 was found more frequently 
in Kansas than elsewhere. The remaining 9 races were infrequently col- 
lected ^nd together comprised approximately 9 per cent of all collections. 
It is evident that, at least at present, certain races of the barley covered 
smut fungus are highly important in certain areas while others are relatively 
unimportant there. This information should facilitate breeding for covered 
smut resistance. 

ITnally, as shown in table 3, from 1 to as many as 6 different races were 
found in individual States. 

. SUMMARY 

Thirteen physiologic mces oi VsHlago hordei have been isolated, 5 in 
the present study of 244 eollections and 8 in a similar previous study of 200 
collections. 
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The combined results, involving 444 collections from 33 States, show 
that the widespread race 6 comprised 61.3 per cent of the total collections. 
The 3 most prevalent races, 1, 5, and 6, comprised 86.5 per cent of the total. 
In the winter barley area race 1 appears to be somewhat more prevalent than 

TABLE 3. — Frequenoy of occurrence and distribution by Grouped States of physio- 
logic races of Ustilago hordei in 444 collections from 33 States^ 1934-1943 


Kumber of collections of race Total 

States — - — collee- 

1 2 3 4 5 6 7 8 9 10 11 12 13 tions 


North Atlantic 

Maine 1 ...... ...... 1 

New York ...... 10 , ...... 10 

Pennsylvania 2 6 ...... ...... ...... ...... 8 

North Central 

Illinois ...... 1 4 3 1 9 

Iowa 2 ‘ 2 37 1 1 ...... 43 

Kansas 1 ...... 1 7 8 ...... ...... ...... 17 

Michigan ...... 5 5 

Minnesota 2 41 1 4 ...... ...... 48 

Missouri 7 1 1 ...... 4 ...... 13 

Nebraska 11 ...... ...... 11 

North Dakota 1 1 30 1 33 

South Dakota 1 29 ...... 14 13 39 

Wisconsin 1 1 36 ...... ...... 38 

South Atlantic 

Georgia 3 3 

Maryland 1 ...... ...... 1 

North Carolina 2 ...... 1 ...... 3 

South Carolina 1 ...... ...... 1 2 

Virginia 10 1 1 ...... 3 ...... ...... 15 

West Virginia 1 ...... 1 ...... 2 

Southcentral 

Louisiana 1 ...... 1 

Mississippi ...... 1 ...... 1 

Oklahoma 4 ...... 5 ...... 2 ...... 11 

Tennessee 1 ...... 2 ...... 3 

Texas 1 ...... ...... 2 ...... ...... 3 

Par Western 

Arizona ...... 12 2 ...... ...... ...... 1 6 

California 1 1 42 1 ...... 45 

Colorado 1 1 

Idaho 2 I 2 14 ...... ...... 1 20 

Montana ...... 2 ...... 2 ...... ...... 4 

Oregon 1 1 1 ...... ...... ...... 3 

Utah 1 14 15 

Washington 1 1 21 6 ...... 29 

Wyoming ...... ...... 1 ...... ...... ...... ...... 1 


Total collections 

of each race 40 3 8 6 72 272 3 20 8 2 8 1 1 444 

Percentage of all 

collections 9.0 0.7 1.8 1.4 16.2 61.3 0.7 4.5 1.8 0.5 1.8 0.2 0.2 


race 6. In. California and Washington, home of the Coast type barleys, race 
5 was by far the most prevalent, comprising 85.1 per cent of the 74 collec- 
tions from these States. Elsewhere throughout the country where, in gen- 
eral, the Manchuria-Oderbrucker barley types prevail, race 6 usually sur- 
passed all others. 
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From 1 to 6 races were found in individual States. 

During tiie 4 to 7 seasons that each of the 13 races was tested at Ithaca, 
N, Y., the 8 differential varieties of barley maintained their relative sus- 
ceptibilities to each of the races although the climatic conditions within 
and between seasons of ten varied widely. 

Not infrequently associated with different physiologic races of Ustilago 
hordei are minor differences in size and color of chlamydospores, smoothness 
of spore walls, compactness of the smutted heads and spore masses, degree 
of destruction of awuis, and degree of exsertion of the smutted heads from 
the boot. 

Among' the differential varieties, Pannier (C.I. 1330) showed promise 
as foundation stock in breeding for smut resistance. 

Consistently satisfactory infections throughout the 7 years of these 
tests through use of the spore suspension-method of seed inoculation afford 
proof of the effectiveness of this method. 

Division op Cereal Crops and Diseases, 

IJ. S. Department of Agriculture, 


Cornell Agricultural Experiment Station, 
Ithaca, New York. 
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A NEW SPECIES OP COLLBTOTEICHUM ON VETCH^ 

J. L. Weimek 
(A ccepted for publication July 10^ 1945) 

INTRODUCTION 

During tlie past several years, routine observations have been made on 
the diseases of vetches {Yicia spp.) among which was one that in certain 
characters resembled the diseases caused by Kabaiiella nigricans (Atk. and 
Edg.) Karak., Collet oirichum viciae and Overh., and Ascockyta spp. 

The diseases caused by JC. nigricans and Ascochyta spp, often were present 
along with the anthracnose under discussion in this paper and it now ap- 
pears that they were sometimes confused with it. It was finally decided that 
a disease comple^existed that needed clarification and an investigation was 
initiated, the results of which form the basis of this paper. 

DISTRIBUTION AND ECONOMIC IMPORTANCE 

Little information regarding the distribution and severity of the 
anthracnose reported herein is available at present, other than the limited 
observations made by the writer near Experiment, Georgia, and a collection 
made by Dr. C. L. Lefebvre at Quincy, Florida. Dr. B. B. Higgins has 
observed an anthracnose on vetches at Experiment, Georgia, for a number 
of years but has made no study of it. 

Considerable defoliation of smooth and hairy vetches is caused by the 
fungus during rainy seasons. Stems are blackened, and some stems are 
killed ; but it is only in wet seasons when the crop is grown continuously 
on the same land that the disease becomes sufficiently abundant to damage 
commercial plantings. 

SYMPTOMATOLOGY 

On the leaves the lesions characterizing this disease are somewhat cir- 
cular, but they may be elliptical or angular when delimited by veins, the 
margins of the leaflets, or an adjacent spot (Pig. 1) . Although lesions vary 
in size, they are commonly from 1 to 2 mm, in diameter. There may be one 
or many lesions on a leaflet: sometimes the points of infection are so numer- 
ous that adjacent lesions coalesce and a large portion or even the entire 
leaflet may be involved (Pig. 2, A). In early stages the invaded tissues 
are light green, sometimes whitish or yellow-olive.^ Even at this early 
stage the lesion has usually reached its maximum size. The color gradually 
fades until it becomes light brown, gray, or nearly white. The central area, 
which makes up half or more of the diameter of the spot, is surrounded by 

1 Cooperative investigations between the Division of Forage Crops and Diseases, 
Bureau of Plant Industry, Soils, and Agricultural Engineering, Agricultural Research 
Administration, United States Department of Agriculture, and the Georgia Agricultural 
Experirpent Station. Paper number 138, Journal Series, Georgia Agricultural Experiment 
Station.' 

2 Bidgwaj, Robert. Color standards and color nomenclature. 43 pp., 53 color plates. 
(Washington, 1912.) 
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Fig. 1, Anthracnose leaf spot of vetch. A. Smooth vetch leaves showing shape and 
distribution of the spots on the leadets. The red border surrounds the light center of the 
lesion or is adjacent to healthy tissue when the distal end or the margin of the leaflet is 
killed, xl. B. Leaflets of purple vetch, upper and lower sides of the leaflets shown by 
the tipper and lower leaflets, respectively. A second concentric ring having the color of 
the border is shown between the border and the center in some lesions, x 1. 0. Leaflets 

of smooth vetch, the upper and lower sides of the leaflets illustrated in the upper and lower 
rows of leaflets, respectively. Two healthy leaflets at the left. The light leaflets had 
turned yellow. Bark conidial masses are in the centers of some lesions. X 1|. 
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a narrow border that may be Brussel’s brown, raw umber, bay, or warm 
sepia, depending on the variety of the host attacked and other factors. 
Even when large areas of the leaflet are involved and the outline of the 
spot is lost the discolored border is present, and sometimes veins are dis- 
colored when the entire leaflet is involved. Severely affected leaflets eventu- 
ally turn yellow and fall off. The colored border is not evident in the very 
young lesions but is soon formed and gradually develops into a well-defined 
narrow band adjacent to the healthy tissue. Barely it may be more diffuse 
and cover a large proportion of the lesion. Sometimes there is a secondary, 
usually lighter, concentric ring similar to the border but nearer the center 
of the spot (Pig. 1, B). Under moist conditions the central area contains 
what appears to the unaided eye to be a large globular mass of eonidia (Pig. 

1, C). Examination with the hand lens or low power of the microscope 
shows that this mass, which usually is from J to 1 mm. in diameter, consists 
of many small acervuli, that are 25 to 100 p in diameter, more commonly 
30 to 50 p. Acervuli may be scattered irregularly over the lighter parts 
of the lesion or may be so close together that the masses of eonidia coalesce. 
They are most common on the lower leaf surfaces, especially those of the 
lower leaves which may be almost completely covered by acervuli during 
a prolonged wet period. Conidial masses at first are nearly white or gray 
but soon darken to an ivory yellow, and later to a warm buff or ochraeeous 
buff. In older spots this central area may appear nearly black because of 
numerous setae and black stromatic cells. Leaves killed by the fungus may 
have many black stromatic masses on one or both sides of the leaflets. 

On young stems and petioles the lesions, at first slightly sunken, are 
linear, light-green areas, from 1 to a few mm. long by less than 1 nim. wide. 
The lesions darken with age, enlarge somewhat, seldom become more than I 
cm. long, and often coalesce with adjacent spots until large areas of the stem 
may be involved (Pig. 2, B and C) . The centers of the stem lesions are light 
and the margins are much the same color as the borders of the leaf spots. 
When large areas of the stem are involved the color usually approaches a 
warm sepia. Acervuli are borne in the centers of the younger lesions. 
Young stems, petioles, and tendrils may be killed. Old stems are discolored 
and defoliated, but whether or not they are actxxally killed has not been 
definitely established. Young stems are seldom killed by a single lesion, 
but if two or more lesions occur near one another, as on opposite sides of 
the stem, a suffieiently large proportion of the tissue may be involved to 
girdle the stem. Small stromatic bodies may he present on the stems as well 
as on the leaflets. Setae may be present in varying number or they may 
be wanting. 

The fungus has not yet been obtained from the pods, but it seems prob- 
able that pods are attacked. 

PATHOGENICITY OP THE FUNGUS ISOLATED PROM LESIONS 

Isolations from the spots on the leaves and from stems have shown the 
constant association of an anthraenose fungus with the disease. The fungus 
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has been grown in pure culture, single spore lines obtained, and inoculations 
made. The fungus obtained in culture was pathogenic oir several species 
of vetch. 

On October 4, 1943, young smooth vetch plants growing in steamed 
soil in pots in the greenhouse were atomized with a sterile tap water suspen- 
sion of eonidia from a pure culture. Control plants were atomized with 
sterile tap water. The plants were kept in an inoculation chamber at high 
humidity for 48 hours and then returned to the greenhouse bench. Sis 
days later water-soaked spots were on some of the leaflets and soon became 
light green. Two days later the characteristic brown borders appeared 
about the spots, and typical conidial masses developed later. Some of the 
stems were heavily infected, while others had only a few lesions (Fig. 2, B 
and C). In one pot there were 61 seedlings, 24 of which had stem lesions. 
One month after the inoculations 4 seedlings had died from stem girdle 
and several others were nearly dead; whereas some showed little damage. 
When petioles were infected the leaflets usually died. The larger stems 
were seldom girdled by a single lesion, but two or more lesions on opposite 
sides frequently severed these seedling stems. Often there were many 
lesions on a stem. Isolated lesions were linear and not over 5 mm. long by 
about 1 mm. wide. When several lesions had coalesced, areas 10 cm. or more 
were sometimes involved. The lesions varied considerably in color, the 
borders being chocolate to almost black, and the centers light ochraeeous 
salmon to nearly black. One to many black, raised fruit bodies, with di- 
ameters of 1-0.1 mm. or less, were scattered over the surface of the lesions. 

Another inoculation experiment was started on October 18, 1943. The 
plants were over a month old, and were approximately the size of plants in 
the field when infection first becomes apparent in the spring. A heavy eo- 
nidial suspension was made from two 10-daj^-old cultures of the fungus grow- 
ing on corn-meal agar in Petri plates. Three potted plants were inoculated 
and one potted plant was maintained as a control. After being atomized 
with the conidial suspension, the plants were held for 40 hr. in a moist cham- 
ber, in which the initial temperature was 35° C. but lower at night. After 6 
days the infection was evident as pale green, more or less circular, spots on 
the leaflets. Many leaflets were infected and a considerable number had 
fallen 3 days later, or 9 days after the inoculations. Many of the lesions had 
developed the characteristic brown borders at the junction of the diseased 
and healthy tissue. Some lesions had conidial masses in the center and 
these contained mature eonidia. In many instances the healthy leaf tissue 
beyond the spot had turned yellow and the leaflets had fallen. Thus, con- 
siderable defoliation can occur and a new crop of mature eonidia be pro- 
duced within 8 to 10 days after inoculation. On the ninth day the stem 
lesions were linear, from one to a few mm. long, and less than 1 mm. wide. 
The lesions had one or more pustules bearing mature eonidia. The fungus 
was readily recovered from the diseased tissue, grown in pure culture, and 
used in further inoculation tests. • 
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POSSIBLE SOUECES OP INOCULUM 

The earliest stage of the disease observed under natural conditions is 
the leaf-spot stage seen in early spring. Its presence in destructive amounts 
varies from year to year depending largely on the amount of rainfall and 
the amount of inoculum present. The plants are usually fairly well devel 
oped before much damage is done, but may be severely defoliated about 
The of the e„lr Section, u. L he™ deflnMv 
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Eig. 3. A. Stems of young smooth vetch plants grown in pots in the greenhouse. 
The plant at the left is healthy, the next 2 plants to the right have dark lesions, on the 
stems just below the soil surface line, resulting from infection in artificially infested soil. 
The 2 plants at the extreme right have similar lesions resulting from seed inoculation. 
X IfV- B. The fungus growing from surface-disinfected, diseased stems on corn-meal 
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be mixed with the seed and carried to the field. Volunteer plants of smooth 
and hairy Yetch often are widespread in vetch-growing sections and it is 
probable that such plants can harbor the fungus and be a source of inoculum. 
No perfect stage of the fungus is known. Since one crop of vetch matures 
in late May or June and the next is planted in September or October, no 
prolonged period for the survival of the fungus outside of the host is 
necessary. 


CULTURAL CHARACTERS AND MORPHOLOGY OP THE PUNGUS 

Some difficulty was experienced in isolating the causal fungus from the 
tissue and even from conidial masses. The fungus would not grow on a 
strongly acidified medium, as, for example, when 1 or 2 drops of 50 per cent 
lactic acid were added to 15 ml. of medium to inhibit bacterial growth. Sev- 
eral other anthracnose fungi, from legumes, grew readily on such an acidi- 
fied medium. Some of the early studies were attempted during the summer 
months and no growth was obtained because of too high temperature. Once 
the acidity and temperature factors were corrected the fungus could readily 
be isolated from stem (Pig. 3, B) or leaf tissue and grown on different cul- 
ture media. The fungus grew well and sporulated on corn-meal and oatmeal 
agars. Two per cent potato-dextrose agar and fresh, green-string-bean pods 
proved to be excellent media for production of conidia. Canned beans were 
much less favorable, and nutrient agar was unsuitable. At best the funigus 
grew slowly. It produced a white mycelium which later turned dark brown, 
and became thick- walled and much septate (Pig. 4, M), On old corn-meal 
agar slants there were many small irregular masses of dark, thick- walled 
cells often buried deeply in the agar. These sometimes were so abundant as 
to give the medium a dark color. On the surface of the agar many gray to 
pale-salmon conidial masses were formed, with or without setae scattered 
among them. One or more setae sometimes were present in or near the 
center of each aeervulus. 

Gerinination of conidia was studied in some detail on corn-meal-agar 
plates. i^Conidia from a 10-day-old enltnre on eorn-meal agar were sus- 
pended in sterile tap water, then poured over the surface of the agar. The 
earliest sign of germination was noted in 4 hours at room temperature 
(25-30° C.). About 50 per cent of the conidia had germinated in 24 hours 
and germ tubes were from 1 to 5 times as long as the conidia. A single germ 
tube was formed at or near one end, more rarely at the side, of the conidium 
(Pig. 4). The germinating conidium usually became septate very early. 
In some ca^es a brown appressorium was formed on the germ tube a short 
distance from the conidium, and this later sent out a tube that penetrated 
the agar (Pig. 1, D). On corn-meal agai% however, the germ tube more 
commonly continued to elongate, and after 24 hours conidiophores began to 
develop. A small swelling first appeared on one side of the germ tube a 
short distance beyond the conidium (Pig. 4, B), continued to enlarge, and 
became a conidiophore varying in length from 1 to 5 times, but more often 
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Fig. 4. Different stages of eonidial germination on corn-meal agar. A. ISTot ger- 
minating. B, 0, and D. Early stages of germination. D. An appressorium a sliort dis- 
tance from the conidium. E. Conidiophore forming on the germ tube near the eonidium. 
F. Slightly more advanced stage than in B. Conidium forming on the young conidiophore 
and a secondary eonidium, also starting to germinate, formed directly from the other cell 
of the eonidium. G. Slightly later stage than in F. The first conidium formed has been 
displaced by a second one. H, I, and J. The second eonidium formed by a conidiophore 
pushes aside the first conidium which eventually falls off. K. Short conidiophore formed 
directly from one cell of the conidium. L. The multicellular germ tube, with each cell 
sending out a conidiophore which bears numerous conidia, M. Thick and dark walls of 
the old mycelium that forms black stromatie layers. Even the walls of the conidiophore 
are thick and dark. All drawings approximately x 1000. 
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2 to 3 times, as long as the coiiidium. The conidiophore -usually -was slightly 
wider at the base than the germ tube and often was slightly constricted at 
the point of attachment. It tapered to approximately the size of the conidium 
at the distal end. A single conidium formed at the apex of the conidiophore 
and as this matured a second conidium formed (Pig. 4, H and I). The first 
conidium was finally shoved aside and dropped off as its place was taken 
by the second conidium (Pig. 4, G and K). This process continued so that 
eventually a considerable number of conidia accumulated on the agar at the 
end of the conidiophore (Pig. 4, G, K and M), very much as described and 
illustrated for cotton anthracnose by Atkinson.^ The germ tube continued to 
elongate and sometimes reached a length of 500 to 1,000 [x in 72 hours, and it 
finally branched to form a small mycelial mat in 90 hours. A conidiophore 
was produced from most of the cells thus formed, and each conidiophore 
formed numerous conidia. In this manner large quantities of conidia 
were produced as the result of the growth of a single conidium. As many as 
50 eonidiophores were counted on a single germ tube 72 hours old. After 
the first germ tube was well developed the other cell of the now septate 
conidium germinated. A short germ tube usually was formed and served 
as a conidiophore. Sometimes a typical conidiophore or a secondary 
conidium with no perceptible germ tube formed directly from either cell 
of the germinating conidium (Pig. 4, P and K) . 

Young mycelium was hyaline and 2-4 p in diameter. Later the my- 
celium became closely septate, the cells were more rounded, sometimes 10 \x 
or more in diameter, the walls became thick and brown, and thus a stromatic 
mass of cells was formed (Pig. 4, M). Even the eonidiophores became 
dark and thick-walled. Setae might he interspersed among the thick-walled 
cells. One of the thick-walled cells sometimes served as the basal cell of 
the seta. 

Oonidial germination was studied first in tap water. Short germ tubes 
were usually produced by only a small proportion of the conidia, and then 
growth ceased. Apparently some condition suitable for continued growth 
was missing. Since conidia placed in the same tap water and then atomized 
on the host gave good infection, it was thought that juice or particles of 
the host might stimulate growth of the conidia in tap water. This was the 
case, since when pieces of tissue or juice of several specievS of vetch were 
mixed with a suspension of conidia in sterile tap water considerable increase 
in germination and in vigor of the germ tubes was apparent. In some cases 
germination in the water controls was about 10 per cent ; when vetch juice 
or tissue was added germination varied from 75 to 95 per cent. 

UFFECT OF TEMPERATURE ON THE FUNGUS 

A knowledge of the temperature relations of Colletotriohum villostm is 
essential if it is to be cultured successfully. The fungus failed to grow 
in the laboratey during the summer beeause of too high temperatures, and 
s AtMiison, 0. P. Anthracnose of cotton. Jonr, Mycol. 6; ITS-'ITS. ISOO-^Ol. 
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cultures were lost unless held in a refrigerator. The following summary 
of the temperature studies will serve as an aid in culturing the organism. 

The fungus was grown on 2 per cent potato-dextrose agar in Petri dishes 
held at different temperatures and the results were recorded at the end of 
2 weeks. A few conidia germinated at 3.5° C., and at 13.3° C. germination 
was good but no macroscopically measurable colony had been formed. The 
upper limit for growth was near 32 and the optimum lay between 24 and 
26° C. Growth was fair at 21.5 and 29° C. 

DESCRIPTION OF THE CAUSAL FUNGUS 

This anthracnose disease has certain characters in common with the 
disease caused by Kabatiella nigricam. The symptoms on the stems, at least 
to one not familiar with both diseases, can readily be confused. The conidia 
of the anthracnose fungus and those of K. nigricans are very similar both in 
size and shape. The leaf symptoms, however, are different. Lesions of 
K. nigricans are illustrated and described by Wolf^ as circular with a 
tendency toward being most numerous along the principal veins or . . . as 
elongated, dark streaks.’^ A study of conidia production and germination 
shows clearly that the anthracnose fungus differs from A. nigricans in that 
in the former the conidia are borne singly on conidiophores, about the 
width of the conidium at the point of attachment instead of on the large 
conidiophore characteristic of KaibaUella. Likewise there is no budding of 
the conidia on germination as there is with K. nigricans. 

The literature dealing with closely related diseases of vetch is reviewed 
by Wolf. He mentions Gloeosporium davisii Ell. and Ev. and G. everhartii 
Saec. et Syd. These possess smaller and differently shaped conidia than 
does the fungus studied by the writer. The same is true of G. viciae Fautr. 
et Eoum. G. tricolor Lind has much longer conidia than does, the fungus 
■of this paper. The literature on the anthracnoses of other legumes has been 
isurveyed and so far as could be ascertained all the causal fungi are different 
from the vetch anthracnose fungus considered here. 

Perhaps the fungus most similar to the one studied by the writer is 
'Collet oirichum viciae Dearn. and Overh. Dr. Overholts kindly sent the 
writer a specimen of his material and a study of this seems to leave little 
•doubt that the two fungi are different. For example, 0. viciae does not form 
definite circular lesions with colored borders on the leaflets but a part or 
all of the leaflet is affected, and aeervuli are scattered promiscuously over 
the affected tissue just as described by Dearness.® The aeervuli are more 
numerous on the upper side of the leaflets affected by C. viciae^ which is 
just the reverse from that in the Georgia material. The conidia of the 
writer’s species average about the same, as the maximum width of G, viciae. 
The setae of 0. viciae are shorter and narrower and have only 1 septum 
instead of 1 to 4. It seems to the writer that these differences in symptoms 

4 Wolf, P. A. A little-known vetch disease. Jour. Elisha Mitchell Sci. Soc. 36: 72- 
.85. 1920. 

5 Dearness, J. Kew and noteworthy fungi — Myeologia 20: 235-246. 1928, 
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produced in the host together with the location of the acervuli most com- 
monly on the upper side of the leaflets, the differences in eonidial width, 
and in size and septation of the setae, are sufficient to justify the conclusion 
that C. viciae is a different species from the one studied by the writer. 

Since the fungus attacking vetch in Georgia appears to be different from 
any described in the literature, it is considered a new species and the name 
OolletotricJitim villosum is proposed. 

TECHNICAL DESCRIPTION 

CoUeiotrichum villosum n. sp. 

Acervuli in f oliis ampliigeni, saepius lijpopliylli, 25-100 p, in diam.j massae eonidicae 
griseolae usque oefiraceo-bubalinae ; setae carente^ vel abundantes, byalinae usque rubro- 
brunneae, 45-150 x 6.3-9.5 p ad basin bulbosam, attenuatae, 1-4-septatae j eonidia liyalina, 
Hiibcurvata, iinieellularia, 15-24 x 3. 5-4.5 p.« 

CiMetotnchnm villosum sp. Lesions typically more or less circular to linear, light 
brown to gray with Brussel’s brown to warm sepia border, becoming dark browui to almost 
black on stems, ampliigenous, 1-2 mm. in diameter. Acervuli ampbigenous, more com- 
monly bypopliyllous on leaflets, 25 to 100 p in diameter, more frequently 30 to 50 p, or 
larger and irregular when confluent. Conidial masses gray to -warm buff to oeliraceous 
buff. Setae wanting or abundant, variable from hyaline to purple-gray to red-brown, 
approaching Brussel’s brown of Eidgwmy, becoming lighter at the tips and often at the 
base, average 85 p (range 45 to 150 p) long by 7.5 p (range 6.3 to 9.5 p) wide across 
the bulbous base, tapering to a rounded point, 1 to 4 septate. Gonidia hyaline, slightly 
curved, bluntly tapered, unicellular, average 18.9 by 4 p (range 15-24 x 3. 5-4.5 p) 18 to 
20 p most common length. 

Habitat 1 Parasitic on leaves and stems of Vicia villosa Both., V. sativa L., V. atro- 
purpurea Desf.f F. ffrandiflora Scop., F. monantjios (L.) Desf., F. dasycarpa Ten., F. 
angustifolia L., and F. pannonioa Crantz in Georgia and Florida, IJ. S. A. 

Material lias been deposited in the lierbaria of Myeologieal Collections, 
Bureau of Plant Indu>stry, tJ. S. Department of Agriculture, Beltsville, Md., 
Department of Plant Pathology, Cornell University, Ithaca, N. Y., and 
Department of Botany, Georgia Agricultural Experiment Station, Experi- 
ment, 6a. No. 71420 (Mye. Coll. Bur. PI. Ind.) collected by J. L. Weimer, 
Experiment, Ga., oii Yicia villosa'&ot'b.j May 6, 1943, is designated as type. 

COKTROL 

Although little experimental work has been done on the control of this 
disease, several methods may be possible. The use of clean, disease-free seed, 
preferably obtained from areas where the disease does not exist, or where 
environmental eonditioiis are not suitable for its rapid development, should 
reduce the possibility of distributing the fungus, or at least delay its 
accumulation in the soil of any field not already heavily infested. Evidence 
available at present suggests that the disease seldom becomes destructive 
if the crop is not grown on the same land continuously. This means that 
rotation properly tnanaged may be a fairly satisfactory control measure. 
The destruction of volunteer vetch in the vicinity of vetch fields will elimi- 
nate another source of inoculum. 

One means of controlling such fleld-erop diseases is the use of resistant 
varieties or closely related species that might be suitable as crops. In order 

«Latiu fliagnosia aapplied by Edith K. Cash, Bivisioa of Mycology and Disease Sur- 
vey, Bureau Plant Industry. > 
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to determine if any of the common vetch varieties or species were resistant, 
several lots were grown in pots in the greenhouse and inoculated by atom- 
izing with a conidial suspension. The ratings of the different, lots tested 
in two experiments were based on a 0 to 10 scale (Table 1). The lots of 
Vida sativa were fairly resistant for the most part. They were not immune, 
since most of them had a large number of lesions, but these remained small 

TABLE 2. — The relative resistance of some vetch varieties and species^ to anthrac- 
nose. Bated^ on a scale of 0 to 10 


•Variety or species name and Eating in 


F.O. or other number 

Experiment 1 

Experiment 2 

Vida sativa, Selection 5 

2 

3 

7 

;... 1 

2 

103 

5 


F.O. 16462 

1 

’2 

Vida sativa alba, F.C. 02830 

2 

3 

F.O. 18808 

9 . 

3 

F.C. 81566 

2 

1 

F.O. 18052 

2 


F.O. 18056-1 

........... 2 


F.C. 18814 


4 

F.C. 18818 

1 


F.C. 22785 

2 

...... 

F.C. 22790 

2 


F.C. 29933 

2 

2 

F.C. 30171 

2 


F,C. 31361 

3 


F.C. 31542 

1 

2 

F.C. 31543 

2 


F.C. 34947 

2 

4 

F.O, 11725 

2 


F.O. 119988 

3 


F.C. 119994 

1 

4 

F.C. 31546 

1 

3 

F.C. 31545 

1 

1 

V. atropurpurea Desf 

9 

10 

V. grandifiora Scop. 

1 

1 

V. villosa Both 

9 

10 

V. monanthos (L.) Desf,, F.C. 18139 

4 

3 

V. monanthos, strain not numbered 

3 

3 

V. dasycarpa Ten., F,C. 22471 

10 

9 

V. angustifolia L., F.C. 04315 

........... 2 

4 

V. pannonica Crantz 

1 

1 


« The writer is indebted to Mr. Eoland McKee, Division of Forage Crops and Diseases, 
Bureau of Plant Industry Station, Beltsville, Maryland, for all of the seed used, 
beating: O-no disease; 5 = moderate disease; 10 = severe disease. 


and superficial, and in many cases were confined largely to the stems, The 
only lots severely injured in these experiments were those rating 8 to 10, 
namely V. atropurpiireafV. villosa, and 7. dasycarpa. Just what would 
have happened to the other lots had they been subjected to a long rainy 
spell, as often happens in the field, is not known. However, in hotbeds 
where these lots were outdoors for 5 months without artificial inoculation 
but growing in field soil in which vetch had been grown for several years, 
only 7. villosa and 7, atropurpiirea were severely damaged by anthracnose. 
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Also, the lots of V, sativa have never been observed severely damaged in the 
field, even when V. villosa nearby was largely defoliated. It may be con- 
cluded, therefore, that it is possible to control vetch anthraciiose by growing 
one of the lots of V. sativa rating 3 or less, or any of the other species listed 
in table 2, except the 3 rating 8 or above. At the conclusion of these experi- 
ments most plants in these 3 high-rating lots were dead, the stems as well 
as the leaflets having been killed. In a few cases where the stems were 
killed, new secondary stems were formed near the surface of the soil. Pre- 
sumably in the field these shoots would have been infected and possibly 
killed if environmental conditions were suitable for the spread of the fungus. 

SUMMAEY 

An anthracnose leaf spot of vetches is caused by Collet otrichimi 
villosum n. sp. On the leaves the fungus produces small circular spots at 
first light green, later becoming light brown or gray with a brown to red 
border. The stem lesions are linear and usually dark to black. Severe 
defoliation and death of young stems may occur during wet weather. The 
fungus grows slowly on nonacid culture media and fruits abundantly on 
sterilized, fresh string-beau pods, and on potato-dextrose, corn-meal, and 
oat-meal agai’S. The optimum temperature for growth lies between 24° and 
26° C., some growth takes place at 3.5° C., and the maximum for survival 
is near 32° C. Ticia atropurpiiy^ea^ F. villosum, and F. dasycarpa are 
the most susceptible of the species tested, whereas most strains of F. sativa, 
V. gra7idiftora, F. monanthos, F. augusUfolia, and F. pannonica are fairly 
resistant. The use of disease-free seed, rotation, and the use of resistant 
varieties are suggested as control measures. 

Division of Forage Crops and Diseases, 

U. S. Department op Agriculture, 

AND 

Georgia Agricultural Experiment Station, 

Experiment, Georgia. 


A LINE-~PATTERN YIEOSIS OF SHIEO PLUM^ 

E. S. WiLLisoisr 
(Accepted for publication July 14, 1945) 

Early in the summer of 1938, symptoms suggestiye of virus origin were 
observed on a number of trees of the Japanese plum variety, Shiro, in a 
20-year-old block near Port Dalhousie, Ontario (3). The older leaves were 
marked with a creamy white vein-banding (Pig. 1, E), but the younger 
leaves were apparently normal. Symptoms persisted on the older leaves 
throughout the summer. Preliminary indexing of peach seedlings with bud 
material taken from the affected trees in September, 1938, indicated that the 
condition was both bud-perpetuated and graft-transmissible. 

Further inquiry disclosed the fact that, some years before, a number of 
trees in the block had been grafted with shoots of another Japanese variety, 
locally known as First, in order to provide for pollination of the Shiro bloom. 
Since signs of the disorder were found on almost every tree thus grafted and 
on a number of others besides, it was quite obvious that the virosis had been 
introduced into the Shiro block by means of the First grafts and that it had 
been spread by natural means. Accordingly, the scion material was traced 
to its source in another orchard, in which many of the First trees had foliar 
patterns so mild that they would readily escape observation, and in which a 
number of Shiro trees displayed typical symptoms (3). The only other 
known case of natural occurrence in the Niagara district was found near 
Beamsville on Italian prune, in combination with prune dwarf (10). 

The disease has been called Shiro line-pattern mosaic (3) or Shiro plum 
line-pattern mosaic (7), but hereafter will be referred to as line pattern. 
The disease has been transmitted from Shiro to a number of plum, cherry, 
and peach varieties, and the present paper is concerned mainly with the 
symptomatology of line pattern on these several hosts. The relationship of 
the causal virus to some others affecting stone fruits is also discussed to a 
limited extent. 

DIFFERENTIAL VARIETIES 

The range of differential hosts employed in these experiments comprised 
the following species and varieties: Prunus salicina var. Shiro, Abundance, 
and Early Golden; P. domestica var. Italian prune, German prune. Imperial 
Gage, Eeine Claude, Lombard, and Grand Duke; P. cerasifera, Myrobalan 
seedlings; P. persica var. Elberta, Eoehester, and seedlings; P. armeniaca 
var. Niagara; P. avium var. Black Tartarian and Napoleon; P. cerasus var. 
Montmorency ; and P. mahaleb^ seedlings. 

PROCEDURE 

Both the double-budding technique and direct inoculation of orchard 
trees and nursery stock by budding have been employed. Since not only 

1 ContributioB. No, 821 from tlie Division of Botany and Plant Pathology, Science 
Service, Department of Agriculture, Ottawa, Canada. 
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the techniques but also their respective advantages and disadvantages have 
been discussed in recent articles (10, 11), there is no need for further com- 
ment here, except to say that the symptom sequences of line pattern, in con- 
trast to those of tatter leaf (11), were not influenced appreciably by the mode 
of inoculation. Like prune dwarf (10), line pattern is very easily trans- 
mitted by budding, in fact, there have been no failures with any host at all 
susceptible to the virus, even when union between diseased bud and healthy 
stock was doubtful. 

SYMPTOMATOLOGY 


On the susceptible hosts, symptom expression of line pattern varied con- 
siderably in degree from year to year, being both more intense and more 
extensive for the variety when the weather remained cool for considerable 
periods in the early part of the growing season than when warm weather 
prevailed at that time. Some differences in pattern detail were also noted 
in different years. Almost invariably, symptoms appeared only on the 
leaves emerging in the spring. No distinetions could be drawn between the 
acute and chronic phases of the disease (11), except possibly on Montmor- 
ency, and, up to the present, there have been no indications that vigor -was 
impaired to any appreciable extent. 

On Shiro Phm, — The symptoms on Shiro were of two main types : yellow 
vein-banding (Fig. 1, E), and well-defined, brilliant, green-yellow patterns, 
usually of the oak-leaf type (Fig. 1, C), formed by single or multiple, irregu- 
lar lines or bands. In early summer, the yellow of the patterns faded to a 
creamy white, which persisted for the remainder of the season. In most 
years, a regular sequence of pattern types could be traced, commencing with 
the oak-leaf and followed in successive leaves by a mixture of oak-leaf and 
vein-banding (Fig. 1, D), by over-all vein-banding and by vein-banding 
towards the leaf tips. New leaves emerging after early June were symptom- 
less. In some years, one or other of the symptom types was more or less 
suppressed, depending upon conditions at leaf emergence. 

On Abundance Plum.— Both in double-budding experiments and on an 
inoculated orchard tree, the symptoms on Abundance leaves somewhat re- 
sembled those on Shiro but were always much fainter and less numerous. 
Vein-banding was occasionally seen, but the predominant characteristic was 
the oak-leaf pattern, frequently in the typical form, bnt sometimes repre- 
sented only by a narrow line either close to the margin near the leaf tip or on 
the serrations. On Abundance, the patterns were generally yellowish-green 
and more or less transient. 

On Early Golden Plum. — No symptoms were observed in four years on 
Early Golden growing on a double-budded Myrobalan seedling, even though 
the Shiro shoot on the same stock showed striking symptoms and the My- 
robalan shoot was moderately affected. 

Onlialian Pnme.^'Wheii inoculated either by double-budding or directly 
on nursery stock, Italian prune either had inconspicuous green oak-leaf pat- 
terns or was symptomless, depending on whether or not the season was favor- 
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early leaves of German prniie. Symptoms on this variety were less vivid 
than those on Shiro, and also persisted thronghont the season. 

On Imperial Gage Phm^—One orchard tree, inoculated in September, 
1938, has shown no symptoms since that time. The Shiro buds used for the 
purpose produced shoots having typical but comparatively mild symptoms. 

On Beine Claude Plum . — Symptoms on Keine Claude, double-budded, 
were always mild, though slightly more conspicuous and numerous than 
those on Italian prune. Patterns were usually of the oak-leaf type, and were 
sometimes reduced to a narrow line near the tip of the leaf (Fig. 2, D) . The 
markings were sometimes very slightly yellower than the normal leaf, but 
were usually best visible by transmitted light. 

On Lombard Plum , — Early leaves near the point of inoculation, on 
nursery stock or trees, were occasionally and comparatively faintly marked 
with oak-leaf patterns, fairly large irregular rings, or vein-banding. More 
frequently and characteristically, a chlorotic line, which later became ne- 
crotic, outlined a triangular sector. The base of this sector lay at the leaf 
margin and the apex at or near the central vein (Pig. 1, B) . Leaves marked 
in this fashion were usually distorted. In general, only a few leaves showed 
symptoms of any kind in any one year, and the disease seemed to spread 
slowly through individual trees. 

On Grand Duhe Plum . — -No inoculations with line pattern alone were 
made on Grand Duke, but, in a series double-budded with the line pattern- 
prune dwarf mixture (10) , leaves were conspicuously marked with fine lines, 
yellow oak-leaf, or large, irregular, yellow rings, which sometimes became 
partially necrotic. Since these patterns did not appear when Grand Duke 
was infected with prune dwarf alone, they are considered to have been 
caused by the line-pattern component of the mixture. The necrosis ob- 
served in Grand Duke leaves may have been due to the presence of the prune- 
dwarf virus, as in the Montmorency series described later. - In the mixture, 
each virus appeared to aggravate the effects of the other on several varieties 
of the differential hosts used. 

On Myrobalan Seedlings . — 'Individual seedlings of Myrobalan differed 
widely in their reaction to the line-pattern virus. At one extreme were the 
resistant or tolerant plants on which very few patterns were evident even 
in seasons most favorable for symptom expression. On these, symptoms, if 
they appeared at all, were usually a whitening of the tips of the marginal 
serrations and occasionally yellow-green oak-leaf patterns. At the other 
extreme were the susceptible seedlings on which the markings were usually 
indistinguishable from those on Shiro, in color, form, and distribution. Most 
Myrobalan plants, however, w-ere only moderately susceptible. Some of the 
varied patterns to be seen on Myrobalan are illustrated in figure 1, A. 

On Peaches , — -Since the line-pattern symptoms expressed by the differ- 
ent peach varieties and seedlings varied little in quantity and less in kind, 
one general description will suffice. The most common symptom was a fine, 
irregular, wavering line on each side of the main vein of a leaf (Pig. 2, B), 



Pig. 2. Symptoms of line pattern on peach and plum. A, B, and C. Pine network, 
symmetrical lines, and broken lines, respectively, on peach. B. Paint oakdeaf and line 
patterns on Eeine Claude, photographed by transmitted light. 
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placed anywhere between the mid-rib and the margin. The lines on a single 
leaf usually lormed a symmetrical pattern but sometimes one was either 
broken or turned back on itself to form figures of various shapes (Pig. 2, 0) 
Occasionally leaves were marked with a network of fine lines forming” irregu- 
lar patterns (Pig. 2, A), with fine, confluent rings, or with vein-banding. 
On the peach, patterns were mostly pale green, and tended to disappear later 
in the summer. Ihe majority of leaves, especially those emei'ging later than 
early June, were symptomless. The number of leaves affected and some- 
times the predominant symptom type varied from year to year according to 
growing conditions in the spring. In exceptionally favorable seasons, some 
3'ellow vein-banding and oak-leaf may appear. 

On Apricot. Up to the present time, no definite symptoms of line pat- 
tern have appeared on the apricot variety, Niagara, used in double-budding 
experiments, in spite of the fact that the disease was transmitted to the peach 
seedlings used for stock. 

On Sweet C/mrncs.— The two varieties, Black Tartarian and Napoleon 
responded m much the same way to inoculation with the line-pattern virus’ 
Some of the symptoms resembled those induced by prune dwarf (10) or 
tatter leaf (11), for example, tiny, fine rings (Fig. 3, I), or larger, coarser 
lings and taint oak-leaf (Fig. 3, H). These patterns were pale green and 
tended to disappear in the course of the summer. Two symptoms however 
were peculiar to line pattern. The first was an inconspicuous line almost 
like a TOtermark, separating two areas of the leaf with slight differences -in 
color. The second, and more common, was a series of yellow lines, varying 
from a hair s breadth to about 1 mm. These patterns were usually restricted 
to a small fraction, seldom more than a quarter, of the leaf surface. The 
finer li^s frequently ran parallel to the secondary and some of the finer 

IFif u 7 ’ delineated irregular patterns 

(hig. 3, D). As on hhiro plum, the yellow markings persisted, turning 
creamy ^hite later m the summer. The symptoms appeared in the vicinity 
of the inserted buds the first season but were more widely scattered in sub- 
sequent years. Most leaves were symptomless. 

^ On Montmorency Cherry. SymptomB on Montmorency nursery stock in 

the fat were p.le green ntfainge in ttetm S 

broad bands, spots of various sizes, and coarse rings up to about 6 mm. in 

fadSi oL borders of these patterns were ill-defined and 

ut into normal tissue. On a few leaves, a fairly coarse irregular 
yeUow ring or partial ring appeared near the tip. A fewf scattered necrotic 
spots were observed at the bases of a number of affected ieavr 

sharnJTfifcfr®““'^ leaves were marked with narrower and more 
S fif the mid-rib (Pig. 

usua lymoreHkr*'’/^™®^ occasionally faintly tinged with yellow, were 
by reflated litS discernible by transmitted than 

leLefS f Mentieally similar lines appeared at the same time on 
leaves of Montmorency moculated with the prune dwarf-line pattern mix- 




Pig. 3. Symptoms of line pattern on cherries. A and B. First and second season 
patterns, respectively, on Montmorency. 0. Translucent lines and necrotic spotting on 
Montmorency affected with the line pattern-prune dwarf mixture. B. Ooarse, yellow 
pattern, on Napoleon. F. Fine, yellow lines, on Black Tartarian. F and Gr. Partly 
modified oak-leaf, and short, yellow vein-bands, with necrosis of veins, respectively, on 
Mahaleb. H. Pale green lines, on Napoleon. I. Pale green rings, on Black Tartarian. 
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ture (10), but soon either went over into a dark, red-brown necrosis, or be- 
came associated with irregular necrotic spotting (Fig. 3, C). The necrotic 
phase did not appear with line pattern alone, and was evidently attributable 
to the combined effects of the two viruses. 

On Mahalel) Seedlings . — In early spring, some Mahaleb leaves were 
marked either with oak-leaf patterns (Fig. 3, F) or with coarse rings and 
lines, sometimes darker and sometimes paler than normal. Of greater diag- 
nostic value were the short, narrow, yellow bands which appeared along some 
of the veins of a number of leaves (Fig. 3, 6) scattered over the plant. In 
these areas, the vein and, frequently, part of the yellow band eventually 
became necrotic, and either split or dropped out. In the early fall of the 
first season, a few of the newer leaves developed either coarse, pale, oak-leaf 
patterns or huge rings. 

PISCUSSION 

A comparison of the descriptions of the disease, as it appears on the dif- 
ferent hosts, reveals a fundamental uniformity underlying the array of 
patterns, in so far as they can be referred to a linear type of variegation. 
Within the limits of that general type, however, considerable diversity of 
form was displayed, even on individual plants : oak-leaf, vein-banding, single 
and multiple lines and bands, and rings of various sizes. Although there 
was a tendency for one or other of these forms to predominate in a given 
species or variety of host, varietal reaction was largely a matter of intensity 
of expression. In this respect, there was a whole gamut of variation ranging 
from the barely perceptible patterns on First, Italian prune, and Reine 
Claude, through the green markings on peach and cherry leaves, to the bril- 
liant yellow and cream figurations on Shiro and other hosts, and even to 
slight necroses on Mahaleb, Montmorency, and Lombard leaves. This sug- 
gests different levels of resistance and susceptibility on the part of the several 
host varieties. In this regard, the plum varieties of the three species, Prumis 
domestica, P. salmna, and P. cerasifera^ were more variable than the peach 
and cherry varieties. It may be of interest here to note that varietal differ- 
ences in susceptibility are not the same for line pattern as for either prnne 
dwarf (10) or tatter leaf (11). 

The intensity of symptoms varied not only with variety but with season. 
Observations over a six-year period lead to the conclusion that symptoms 
are suppressed in those leaves which develop when summer temperatures 
prevail. Though no accurate determinations of the temperature relations 
involved have been made, circumstantial evidence would indicate daily mean 
temperatures of 55^ to 60*^ F, as critical for symptom expression. The possi- 
bility that other external and internal factors may also affect the virus-host 
relationship from year to year should not be overlooked. 

Apart from growers’ statements that crop yields of Shiro were appar- 
ently unaffected by line pattern, few data on that phase of the disease are 
yet available. However, fruits on inf eeted Rochester and Blberta trees were 
normal in shape and quantity in 1944. Line pattern has also had little effect 
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upon vigor of growth, to date, but whether it induces a gradual decline in 
vigor and crop production remains to be seen. 

Present information would indicate that line pattern is not widely dis- 
tributed in the Niagara district, since it has been found only in three 
orchards, and, although easily transmitted by grafting, has not yet turned 
up in masked form on plums indexed at the laboratory. Some evidence of 
natural dissemination in two of the affected orchards has been mentioned. 
Consequently, the existence of an insect vector may be postulated, but the 
infrequency of natural occurrence in the district and the absence of natural 
spread in the laboratory plantation during the last six years would suggest 
not only that the vector is comparatively rare but also that there is no trans- 
mission by sap transfer during pruning. The amply demonstrated possi- 
bility of inadvertent transmission of line pattern, as well as other viroses, 
through the use of scions in which the disease is more or less masked, empha- 
sizes the necessity of great care in the selection of propagating material. 

That some of the symptoms of line pattern on cherries and Mahaleb have 
much in common with some symptoms of tatter leaf and prune dwarf, indi- 
cates that there is some overlapping of the symptom expression of a number 
of distinct viroses on certain hosts. On the other hand, a number of charac- 
teristic symptoms, seasonal peculiarities, and differential host reactions serve 
not only to separate the line-pattern virus distinctively from other viruses 
under investigation here, but also to link it with viruses causing similar 
characteristic reactions elsewhere. 

Through the courtesy of Donald Cation in supplying the necessary scions, 
the line-pattern virus that he worked with in Michigan (4) has been trans- 
ferred to most of the differential hosts employed in Ontario. The symptoms 
of the Michigan virus on the respective differential hosts so resembled those 
induced by the native virus from Shiro that there is no reasonable doubt that 
the two viruses are very closely related, if not identical. 

The virosis transferred by Yalleau (9) from Abundance 422, Red June, 
and October Purple plums to peach (Yalleau ’s figures 19, 22, and 23) as well 
as the one he found on Abundance in a nursery in 1931 (Yalleau ^s figure 24) 
also appear very similar to those under observation in Ontario. Yalleau ’s 
report that no patterns were seen on Shiro (9) , leaves the identity of his 
virus still in question, and suggests either a difference in strain or the sup- 
pression of symptoms on Shiro under Kentucky conditions. The destruction 
of Japanese plums in Kentucky (7, p. 66), attributed by Yalleau to ring spot 
or line pattern, is at variance with other reports on line pattern-like viroses, 
and may well have been caused by a mixture of viruses. Cation’s experi- 
ments with plums from Kentucky (4) indicate that more than one virus was 
involved, and an increase in the virulence of line pattern when mixed with 
another virus has been noted. 

Hildebrand (6) observed line pattern symptoms on Red June and Abun- 
dance in New York state, but his data are not sufficient to permit further 
comparison. 
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The symptoms on Santa Rosa plum of the Vacaville plum mosaic/' 
which Thomas and Rawlins (8) report as being similar to the Kentucky ring 
spot, appear to be of the line pattern type, but their description of the symp- 
toms on peach as ^'consisting in mild mottling without any definite pattern" 
is not in agreement with the findings in Michigan (4) and Ontario. This 
again may be the result of differences either in virus strain or in environ- 
mental conditions. On the other hand, Thomas and Rawlins also refer to 
a second virosis on Santa Rosa and Duarte plums, symptoms of which on 
Myrobalan, according to description, seem to correspond well to those noted 
in Ontario on the same host. There is also a remarkable resemblance be- 
tween the symptoms of banded chlorosis of Japanese cherries in Oregon, as 
described by Zeller and Milbrath (12), and those of line pattern on Shiro 
and Myrobalan in Ontario. It is, perhaps, more than coincidence that line 
patteim occurs in nature on Japanese varieties of plums in Kentucky, Michi- 
gan, New York, Ohio, and Ontario, that similar diseases were found on Japa- 
nese plums in California, and that banded chlorosis is common on Japanese 
cherries in Oregon. 

References to line pattern-like virus diseases on stone fruits are also to be 
found in the European literature. G. and M. Arnaud (1) do not give any 
illustrations, but their general description of the symptoms of a mosaic on 
Myrobalan, apricot, and peach is equally applicable to the Ontario line-pat^ 
tern virosis. On the other hand, the French virus differs from the Canadian 
one in that it can affect apricot but not Mahaleb. This would suggest strain 
differences in related viruses, though the different results with apricot could 
just as well be explained on the basis of varietal differences in the host. 

Christoff's illustrations of narrow-striped variegation and ring-spot varie- 
gation (5) on Myrobalan and plum in Bulgaria show great similarity to the 
line-pattern symptoms on Myrobalan and Shiro. Furthermore, the symp- 
toms of the Bulgarian disease on peach are described as light green to yellow 
thin lines and little rings. Atanasoff (2) also reported and illustrated a 
similar striped variegation on peach in Bulgaria, His virus induced yellow 
to white patterns on peach and distortion of fruit and in these respects 
differed from the Canadian one. 

The viroses of the line pattern type, reported on stone fruits at widely 
separated points in North America and Europe, are then sufficiently alike in 
symptom expression to form a distinct group of diseases. Furthermore, 
some of them are reported as inducing symptoms only on leaves formed in 
the spring (1, 4, 5), and most do not greatly affect the vigor of the host 
(1, 4, 5, 8, 12) . Since there is evidence that the causal viruses are not identi- 
cal, it is suggested that a number of strains of the line-pattern virus are 
implicated. There also remains the possibility that some of the discrepan- 
cies may arise from contamination with other viruses, or from differences in 
environment. 

. summary ' 

A striking yellow to white line-pattern virosis, found originally on Shiro 
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plum, has been transferred by budding to numerous species and varieties of 
the genus Prunus. 

On all susceptible hosts, symptoms consisted of linear markings in diversi- 
fied patterns, such as rings, lines, bands, oak-leaf, and vein-banding. These 
patterns occurred only on leaves produced in the spring, but persisted usu- 
ally throughout the summer. 

Symptoms varied in intensity and extent on the same host from year to 
year, being more plentiful when cool weather prevailed in the early part of 
the growing season. 

Intensity of symptoms also varied greatly in plum varieties and Myroba- 
lan seedlings. Patterns were virtually absent in Early Golden and Im- 
perial Gage, barely perceptible and translucent in Italian prune, Eeine 
Claude, and First, and brilliant yellow to white in Shiro and some Myroba- 
lan seedlings. On Lombard, many of the patterns became necrotic even 
though comparatively few leaves per tree were affected. 

On peaches, which did not show any wide differences in varietal suscepti- 
bility, symptoms usually took the form of pale green, irregular lines, rings, 
and vein-banding. 

Faint, green rings and lines and yellowish to white patterns were found 
on the sweet cherry varieties, Black Tartarian and Napoleon. On the sour 
cherry variety, Montmorency, diffuse pale streaks, spots, and rings, and 
slight necrotic spotting appeared in the first, and narrow, translucent lines 
in the second season after inoculation. Mahaleb seedlings showed green 
rings and lines, as well as short, yellow, later necrotic, streaks along some 
of the main veins. 


The writer wishes to express his sincere thanks and appreciation to Dr. 
G. H. Berkeley for much helpful advice and constructive criticism during 
the course of the investigation. 

Dominion Laboratory of Plant Pathology, 

St. Catharines, Ontario, Canada. 
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TWO ALTERNARIA DISEASES OF OEUCIPEROUS PLANTS’- 

jEFrEBSON . Bangel^ 

(Accepted for puTolicatioii July 18, 1945) 

All ever-increasing number of Alternaria species are being described on 
cruciferous plants. The two which have received the most attention are 
Alternaria hrassicae (Berk.) Sacc. causing black leaf spot and A. herculea 
(Ell & Mart.) Elliott, producing the grey leaf -spot disease. These two 
generally are present on mature plants, producing a browning of cauliflower 
and broccoli heads as well as a spotting of leaves and pods. These symptoms 
have been described in detail The fact that the two organisms are carried 
on and in the seed and may cause serious loss by means of damping-off, a 
wire-stem, and cankers on the stems and cotyledons of seedlings has not been 
generally recognized in the literature. The present work was undertaken 
to verify former statements regarding pathogenicity, enviromnntal factors, 
and means of control, especially as they concern the production of plants in 
the seed-bed. 

Alternaria herculea was once named A. 'hrassicae (Berk.) Bolle,^ and 
much confusion exists in the literature regarding the actual organism under 
discussion, since the writers often fail to give the author's name of the spe- 
cies to which they are referring. A. hrassicae (Berk.) Sacc. and A. herculea 
(Ell & Mart.) Elliott, however, can readily be distinguished by morpho- 
logical and cultural characters. 

Alternaria hrassicae (Berk.) Sacc. is the species with small dark spores. 
It grows rapidly on potato-dextrose agar, forming colonies at first dark olive- 
green, then becoming almost black when the color of the eonidia changes to 
brown. It sporulates abundantly and may produce long cbains of more 
than ten eonidia. It does not cause ehromogenic reaction on rice medium. 
The spores germinate over a wide range of temperature, no sharp optimum 
temperature for germination being noticeable (Fig. 1). 

Alternaria herculea (Ell. &Mart.) Elliott bears large light-brown spores. 
The cultures on potato-dextrose agar are white at first, then become brown 
when the eonidia are formed, and on rice medium a light brown ehromogenic 
reaction is produced. The fungus sporulates very poorly. The spores are 
sensitive to temperature variations ; the optimum temperature for germinar 
tion is somewhere between l7.2® and 21.1'^ C. Below and above these limits 
germination drops sharply (Pig. 2). 

1 An abriagement of a dissertation submitted to the Faculty of the Graduate School 
of Cornell University, August, 1944, as a major thesis in partial fulfillment of the require- 
ments for the degree of Master of Science in Plant Pathology. 

^Blant Pathologist in the Ministry of Agriculture, Brazil. Under a fellowship of 
the Institute of International Education, later with a prize of travel awarded by the 
Brazilian Government. 

The author wishes to express his sincere appreciation to Brs. C. Ohupp and L. J. Tyler 
for their helpful suggestions and criticisms. 

sBolle, P^ 0. Die dutch Schwarzepilze (Phaeodictyae) erzeugten Pflanzenkrank- 
heiten. Med. Phyt, Lab. Willi© Commelin Seholten, Baarn. 7 : 1-77. 1924. 
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1. Eelation of temperature to rate of germination of conidia of Alternaria 
'brassioae from a 17-day-old culture, after 9 hours (A), and 18 hours (B ) ; and length of 
germ-tubes after 13 hours (0). 

When flowers are inoculated with AUernaria l)rassicae, small, brown, ill- 
defined, and elongated lesions on the petals are produced. Minute, circular, 
brown spots appear on the flower pedicels and calyces. On the inoculated 
pods the lesions are small, purple-brown on green pods, or dark brown on 
dry pods. The young pods may be distorted, cease to grow, and the affected 
pods dry out from the tip and shatter prematurely. The seeds themselves 
do not have definite lesions, but seeds in infected young pods do not develop 
fully, and those in infected, maturing pods are shriveled and non-viable. 

The cotyledons of seedlings developed from infested or infected seeds 
exhibit sharply delimited dark-brown to black spots, usually circular, and 
more or less sunken (Fig. 3, a). These spots appear more frequently on the 
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Fig. 2. Eelation of temperature to rate of germination of conidia of AUernaria 
herculea from a 20-day-old culture, after 8 hours (A), and 13 hours (B). 
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dorsal side and their location seems to be related to the folding of the coty- 
ledons in the seed (Pig. 3) . 

Baniping-off may ocenr when very young seedlings are affected. The 
spots on the hypocotyl of yonng seedlings are narrow, dark-brown to black 
and about one millimeter long (Pig. 3, b) . The base of the stem has a brown, 
soft, hydrotic area, and later the plant bends over and dies. When infection 
occurs after the tissues have become harder, the seedlings are not killed, but 
the cortical cells at the base of the stem collapse, forming a dark, thin layey 
of dead cells. Because of this withering the diameter of the stem below the 
cotyledonal leaf scars is reduced. As the central cylinder is not affected, the 


Pio. 3. Spotting of the cotyledon (a), and two phases of the damping-off stage 
(b and e) on seedlings of cabbage grown from inoculated seed sown in steam-sterilized 
soil. 

plants can survive, but the stems become distorted and the growth of the 
plant is impaired (Pig, 3, c). Such symptoms are similar to those of wire- 
stem caused by solani Kuhn. Pre-emergence damping-off may 

occur. 

When surface-inoculated cabbage seeds were sown in sterilized soil in 
greenhouse flats there was 48.3 per cent of pre-emergence damping-off ,* and 
of the plants remaining, 51.7 per cent had post-emergence damping-off, and 
38.4 per cent had wire-stem within twenty-five days. 

Inoculation experiments were conducted in the greenhouse for the studies 
on pathogenicity. Conidia of AUernaria irassicae produced on potato-dex- 
trose agar were suspended in l-^SOO gelatin solution and atomized on the 


1945] 


Eangeli: Alternabia on Crucifers 


1005 


plants, wliicli were then placed in a moist chamber for approximately 48 
hours. Plants then were transferred to greenhouse benches. The gelatin 
was used to improve the wetting ability of the spore suspension, resulting 
in a more uniform deposition of the inoculum, and it eliminated the necessity 
of rubbing the leaves, as practiced by previous workers. 

The inoculation experiments demonstrated that Alternaria Irassicae (as 
well as JL. herculea) is a virulent pathogen and that injury is not needed for 
infection. The somewhat general belief that the fungus attacks preferably 
the older leaves seems not to be sound. A better explanation for the fact 
that mostly the lower leaves (which are the older) are infected is that the 
organism sporulates on decaying parts in contact with the soil and the spores 
are splashed by the rain drops over the lower leaves. Sometimes these leaves 
remain in contact with the soil and are likely to become infected because of 
the proximity of conidia formed on the debris. 

The minimum period of wetting required for leaf infection was also 
investigated. Inoculated cabbage plants were incubated in a moist chamber 
and groups of them were removed at intervals of six hours. The tempera- 
tures ranged from 19° to 28° C. Infection was not evident in plants removed 
after 6, 12, and 18 hours, whereas those remaining in the moist chamber for 
24 hours or longer were infected. 

Examination of several seed samples revealed that frequently spores are 
carried on the surface of the seed and that these spores may remain viable 
for a long time. Spores obtained from seed samples about twenty months 
old and stored at 32° P. for fourteen months showed high germinability. 
When planted on i3lain agar several of the seeds were covered with mycelium 
and spores, and the growth of the seedlings attacked by the fungus was 
checked. When seeds were sown in pots, characteristic symptoms of the 
disease were produced on the seedlings. 

There is good evidence that the fungus sometimes is carried as latent 
mycelium in the seed. Growth of Alternaria l)rassicae developed from natu- 
rally infected seeds of kale subjected to each of the following treatments : 
(a) hot water at 52° C. for 20 minutes j (b) seeds dipped in 95 per cent 
alcohol, treated with corrosive sublimate 1-1000 for 5 minutes, and washed 
with four changes of sterilized distilled water; (c) seeds dipped in 95 per 
cent alcohol, treated with corrosive sublimate 1-1000 for 5 minutes, and 
washed with two changes of Clorox 25 per cent; (d) seeds treated with 
Clorox 25 per cent for 5 minutes and dried on filter paper. 

Tests were made to check the effect of hot water and of corrosive subli- 
mate on spores. Spores of 12-day-old cultures suspended in water were held 
at 52° C. for 5 minutes in a water bath. In another experiment, spores of a 
12-day-old culture were suspended in corrosive sublimate 1-1000 for 3 min- 
utes, caught on filter paper, and then washed with four changes of sterilized 
distilled water. These treated spores when placed in 1 per cent sugar solu- 
tion did not germinate within 24 hours, whereas 97 per cent of the untreated 
spores germinated. 
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These facts lead to the concliisioii that a latent mycelium must be present 
inside the seeds, as it does not seem possible that the spores on the surface of 
the seed could stand the treatments that were given. 

In other experiments, seeds of bok-toy and radish were dipped in 95 per 
cent alcohol, treated with corrosive sublimate 1-1000 for 5 minutes, washed 
with three changes of sterilized distilled water and planted on potato-dex- 
trose agar. Within five days a white mycelium grew from a few seeds, and 
spores of AUernaria herculea were found in microscopic mounts from these 
cultures. A hyaline mycelium was present in the epidermis of seeds of the 
same samples. Sections of radish seeds contained a hyaline, septate, branched 
mycelium, 4 microns wide, that extended into the endosperm layer. These 
observations support the statement that this pathogen can be carried under- 
neath the seed coat. 

Since AUernaria hr assicae sporulates abundantly on decaying vegetable 
matter, the soil may be an important harborer of the pathogen. Thus, the 
pathogen can possibly be carried from the seedling beds to the field in soil 
adhering to the seedling roots, or on seedlings that have been splashed by 
rain or overhead irrigation. It also is possible for the seedling to have infec- 
tions in an incipient stage that later result in the killing of the plant or part 
of it, and consequent production of spores in the field. In this manner, the 
seedlings grown in infested seedling beds may be of great importance in the 
dissemination of the inoculum. 

The longevity of spores was tested by exposing cultures of the fungus 
on potato-dextrose agar to outdoor weather during January to July, in which 
the organism was exposed to temperatures ranging from -23° to + 30° C. 
At the end of this period the spores were still viable and pathogenic, as shown 
by their germination on slides and their ability to induce disease in inocu- 
lated cabbage plants. These results, however, do not warrant final conclur- 
sions regarding the behavior of the organism in the soil. 

The effectiveness of chemicals in seed treatment for the control of Alter- 
mria hrassicae was studied in the greenhouse. For these studies, Alter- 
naria-free cabbage seed was inoculated with spores suspended in a gelatin 
solution (1-500), dried, and treated. The dosages of the chemical materials 
applied as dusts were dependent upon the amount of chemical adhering to 
the seeds. Aside from the dust treatments, some seeds were soaked in a 
1-1000 solution of corrosive sublimate for 5 minutes, and dried. Inoculated 
and non-inoculated untreated seeds were included to cheek the germination 
of the seeds. Four replications of 100 seeds for each treatment were planted 
in fiats in steam-sterilized soil. Pre-emergence damping-off was estimated 
by assuming that the differences in stand between the non-inoculated check 
and the treatments were due to the pathogen. Table 1 gives the total num- 
ber of seedlings affected for each treatment, after 25 days. 

SemCvsan and Arasan were effective in reducing the amount of damp- 
ing-off and wire-stem. While Wettable Spergon checked the pre-emergence 
damping-off, it was not efficient against post-emergence damping-off. The 
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TABLE 1. — Besults of seed treatments for the control of Alternaria hrassicae on 
surface-inoculated cahhage seeds 


Treatment 

Total 

emergence 

Einal 

stand 

Lamping-off 

Post- 

Wire 

stemb 

Arasan 

283 

278 

9 

5 

4 

Semesan 

289 

285 

3 

4 

9 

Permate 

273 

247 

19 

26 

23 

Wettable 604 

272 

269 

20 

3 

6 

Wettable Spergon 

284 

263 

8 

21 

5 

Corrosive sublimate 

269 

218 

23 

51 

la 

Check (inoculated) 

151 

73 

141 

78 

28 

Cheek (not inoculated) 

292 

290 

0 

0 

0 


a Post-emergence damping-off : 

Least difference for odds of 19 : 1 = 31.5 seedlings 
‘ ^ ^ ^ ^ ^ ^ ^ 99 : 1 = 43.2 seedlings 

Wire stem: 

Least difference for odds of 19: 1 = 14.5 seedlings 
^ ^ ^ ^ ^ ‘ '^99:1 = 19.9 seedlings 


reverse was shown hy Wettable 604. The other two treatments did not con- 
trol damping-off. 

summary 

Alternaria hrassicae (Berk.) Sace. that causes a leaf spot, pod spot, and 
general browning of heads of cauliflower and broccoli and other cruciferous 
plants is also the cause of damping-off, wire-stem, and spotting of seedlings. 
This pathogen is readily distinguished by morphological and cultural charac- 
ters from A. herculea (Ell. & Mart.) Elliott which likewise causes a disease 
of cruciferous plants. 

Both Alternaria species are virulent pathogens and are able to infect the 
suscept at any age and independently of any injury. A period of wetting 
for at least 18 hours is necessary for infection. 

The seeds may carry both pathogms as spores or as latent mycelium in 
the seed. 

The spores of Alternaria hrassicae may retain their viability and their 
pathogenicity for more than six months. Seedlings grown in infested seed 
beds may carry the inoculum to the field. In the field the sources of inocu- 
lum are the dead lesions and the decaying plant parts on the soil. Water is 
the main agent of dissemination. 

Semesan and Arasan were effective in reducing the amount of damp- 
ing-off and wire-stem on seedlings originated from surface inoculated seeds. 

Department op Plant Pathology, 

Cornell University, 

Ithaca, New York. 


INOCULATION EXPERIMENTS WITH PSEUDOMONAS RIBICOLA 
G. W. Bohn and J. C. Maloit^ 

(Accepted for publication July 25, 1945) 

INTKODUCTION 

The first pathogenicity test o£ Fsudomoms rf&fcoZa, which causes a 
defoliating spot disease of Bihes aiireiim Pursh. described by Bohn and 
Maloit (1), was made in the field at Cheyenne, Wyoming, in July, 1940. 
Both surfaces of leases on vigorous shoots were sprayed with - 5 ^^ dilutions 
of 48-honr beef -extract broth cultures before, during, and immediately after 
a thundershower between 6 p.m. and 8 pan. Each shoot in 1 series was 
wrapped in moistened cheesecloth immediately after spraying j each shoot 
in a second series was enclosed in a large, brown paper bag. In spite of 
these seemingly excellent conditions for infection, no leaf spots occurred 
on the 400 or more leaves on 24 shoots inoculated. Because the 6 bacterial 
isolates used were typical of numerous isolates obtained by approved meth- 
ods, and because bacteria were found in all spots of the type under study 
that were examined with the microscope in 1939 and 1940, other methods 
of inoculation were tried. . 

In January, 1941, thirty plants in 2-gallon stone jars were pre-treated 
for 24 hours in a greenhouse moist chamber. Three check plants were 
sprayed with sterile broth and 1 young leaf on each plant was pricked 
slightly 10 to 12 times with a sterilized needle immediately after spraying. 
Each remaining lot of 3 plants was inoculated wdth 1 of 9 different bacterial 
isolates. Each plant was replaced in the moist chamber immediately after 
inoculation. No spots occurred on the checks; twelve spots resulted from 
the spray inoculations (approximately 600 leaves) ; 31 spots, from the needle 
punctures (approximately 300 punctures). The few infected spots that 
resulted from spray application of bacterial suspensions may have occurred 
in wounds caused by insects although very few insects (white flies) were 
present on these plants. The low proportion of infected spots resulting 
from needle punctures and the occurrence of holes in the centers of the spots 
suggested that some other method causing smaller wonnds might yield infec- 
tion spots more ^ abundant and more comparable with those resulting from 
natural infection. 

LITERATURE 

A review of the general literature revealed a paucity of methods of inocu- 
lation recommended for bacterial plant pathogens. This is especially true 
with diseases that do not become systemic, infections being limited to local 
lesions on leaves, tender stems, and fruits (2, 3, 6 , 7, 11, 12, 13, 14). The 

1 Associate Plant Pathologist aiiJ fomerly Agent, respectively, Cheyenne Hortienl- 
tural Field Station, Bivision of Prnit and Vegetable Crops and Diseases, Bureau of Plant 
Industry, Soils, and Agricultural Engineering, Agricultural Keseareh Administration, 
TJ. B* Department of Agriculture. 
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methods generally recommended are based on inodes of ingress of bacteria 
into plant tissues in natural infections. Spraying has been recommended 
for those bacteria that gain access to susceptible tissues through stomata 
or directly through hydathodes, lenticels, nectaries, or other noncutinized 
surfaces. Treatment of host plants in moist chambers before and after 
spraying has been recommended to keep the stomata open, and to increase 
moisture present in intercellular spaces and on outer surfaces. Forced 
spraying with water before application of the bacterial suspension and 
forced spraying with bacterial suspensions have been used to aid bacteria 
to penetrate stomatal openings. Wounding with a needle or similar tool 
has been recommended for those bacteria that gain access to susceptible 
tissues through wounds caused by insects, hail, or other agents. It has 
been recommended that with any particular disease under study, inoculation 
methods should imitate natural infection methods under comparable epndh 
tions of the host and environment. Therefore, observations on natural 
infections of plants in the field were reviewed. 

natural infection op golden currant bt pseudomonas ribicola 

At Cheyenne, Wyoming, bacterial spots appear on currants in the middle 
of June. The spots are most abundant on the first leaves to grow in the 
spring and the general absence of distortion suggests that infection occurs 
after the leaves have nearly matured. Therefore, natural infection must 
occur in late May or early June. The weather at Cheyenne during this 
part of the spring is cool, cloudy, and windy. The maximum daily tem- 
perature usually is between 65° and 80° F. (19° to 26° C.) ; the minimum, 
between 35° and 50° F. (1° to 10° 0.). Although total rainfall is slight, 
the sky usually is cloudy, the relative humidity is high on frequent oeca- 
sions, and thundershowers, often accompanied by hail or sleet, are frequent. 
The average wind velocity for May and June usually is 9 to 12 miles an hour, 
and high winds or gales frequently occur. These observations on natural 
infection and the weather data suggest that natural infection by Pseudo- 
monas ribicola in currants occurs in minute wounds resulting from wind- 
blown hail, sleet, or sand or from buffeting of leaves against other leaves 
and branches. The observations suggest also that infection is favored by 
low temperature and high relative humidity. These conclusions are sup- 
ported by the occurrence of necrotic bacterial lesions in hail-injured spots 
on young shoots and by the continued enlargement of spots in detached 
leaves placed in a moist chamber in the refrigerator at approximately 3° C. 

comparison OP inoculation techniques with bacterial 

SPOT OP CURRANT 

Three techniques of inoculation that might yield results with currants 
more comparable to natural infection than do those usually recommended 
for use with bacteria were suggested by the virus infection techniques de- 
scribed by Holmes (4), Jones (5), Kawliiis and Tompkins (8, 9, 10), and 
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Riker, Ark, Elliot, Hildebrand, and Leadi (12). These methods are (a) 
Bacterial suspensions from agar cultures can be stippled on leaves sup- 
ported by fingers or wooden pot labels with previously disinfected (with 
70 per cent alcohol) lacquer brushes that have short, moderately stiff 
bristles ; (b) Bacterial suspensions can be rubbed on leaves with previously 
sterilized fingers (2) or cotton or cheesecloth s^vabs (4) ; (c) Bacterial sus- 
pensions can be rubbed on leaves (as in b) dmsted wdth carborundum (8, 9). 

These methods were compared with spraying and needle-wounding meth- 
ods ming Pseudomonas rihicola on leaves of Bil)es aurettm grown in pots in 
the greenhouse during the winter of 1940-41. As all of the repeated experi- 
ments yielded similar results, only one, which included all of the methods 
compared at this time, is reported in detail. 

Two-year-old currant seedlings were transplanted from the field nursery 
to 3-ineh pots and forced into growth in the greenhouse. Vigorous seedlings 
were selected for inoculation. Following inoculation, the plants, with the 
exception of 1 group dusted with carborundum, were placed under bell jars 
in the laboratory at approximately 21° C. for 48 hours, then incubated in a 
cool greenhouse (day 18° to 25° C., night 8° to 15° C.) for 2 weeks. Tap 
water suspensions of Pseudomonas rihicola from 4-day-old beef-extract-dex- 
trose-agar cultures were used as inoculum. Instruments and hands were 
disinfected in 70 per cent alcohol and then washed in tap water between 
treatments. Cotton, cloth, and pot labels were heated in glass containers 
in an electric oven at 170° to 180° C. for 2 hours before use. Five treat- 
ments were compared. , 

1. Suspensions were brushed with lacquer brushes on several leaves of 
each of 5 plants. Check leaves were brushed with tap water. 

2. Suspensions were sprayed on the leaves of 5 plants. Check plants 
were sprayed with water. 

3. Suspensions were rubbed on several leaves of each of 5 plants with 
coarse cheesecloth swabs. Check leaves were rubbed with a swab wet 
with water. 

4. Suspensions were rubbed on several leaves of each of 5 plants with 
coarse cheesecloth swabs after the leaves had been dusted wuth 300-mesh 
carborundum. Check leaves were dusted with carborundum and rubbed 
with a swab wet with water. 

5. Three plants were inoculated as in treatment 4, but left uncovered 
in the greenhouse immediately after moculation (f.e., they were not put in 
a moist chamber). 

After 2 weeks’ incubation numerous typical bacterial spots (15 to 50 
on a leaf) had developed on leaves inoculated by brushing (Treatment 1) 
and on those inoculated by rubbing carborundum-dusted leaves (Treatments 
4 and 5) ; no difference could he noticed between carborundum-dusted inocu- 
lated plants incubated 48 hours under bell jars in the laboratory and those 
left uncovered in the greenhouse for the entire incubation period. Fewer 
spots (2 to 13 on a leaf) had developed on leaves rubbed without carborun- 
dum (Treatment 3), and only 1 spot occurred on the sprayed leaves. 
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No effects of brushing cheek leaves could be seen with the nnaided eye; 
bnt slightly raised streaks, not different in color from the rest of the leaf, 
were visible at 10 x magnification or greater. It is possible that injury was 
limited to removal of cuticle, bnt some epidermal cells may have been 
injured. This type of injury probably occurs commonly in the field at 
Cheyenne as leaves are brushed against each other and against stems by 
the wind. A few small brown flecks, barely visible to the unaided eye, oc- 
curred on carborundum-dusted leaves rubbed with a cheesecloth swab. In- 
jury not visible to the unaided eye obviously occurred also (9). This type 
of injury would be expected to occur commonly at Cheyenne from wind- 
driven sand and sleet. No injury was observed on leaves sprayed or on 
those rubbed without carborundum. 

Additional inoculation experiments were conducted during the winter 
of 1943-44. In two series of tests, water suspensions of Pseudomonas 
rihicola from potato-beef-extraet-sucrose-agar cultures were used on young 
leaves of Ribes aureum clones grown in 2-gallon stone jars in the greenhouse. 
The plants were incubated in a greenhouse moist chamber at 15° to 25° C. 
for 24 hours after inoculation; then removed to a cool greenhouse (18° to 
25° C. day and 8° to 15° C. night) for incubation. All implements were 
disinfected in 70 per cent alcohol or by heat before use. 

Three treatments were compared in the first series. 

1. The suspension was sprayed on both surfaces of the leaves of 4 plants ; 
checks were sprayed with sterile water. 

2. The leaves of 4 plants were dusted with 300-mesh carborundum and 
sprayed with the suspension ; checks were dusted and sprayed with sterile 
water. 

3. The leaves of 10 plants were dusted with 300-mesh carborundum and 
rubbed with a cotton swab; checks were dusted and swabbed with a sterile 
moist pad. 

No injury or infection resulted from the simple spray treatment. All 
leaves dusted with carborundum and sprayed with bacterial suspensions 
developed moderate numbers (2 to 15) of typical bacterial spots; checks 
showed no injury. All leaves dusted with carborundum and rubbed with 
a cotton swab dipped in bacterial suspensions developed numerous (30 to 
80) typical spots. Check leaves dusted with carborundum and rubbed with 
sterile pads developed a few minute brown flecks which apparently resulted ^ 
from mechanical injury. 

In the second series of tests, 7 treatments were compared on currant plants 
kept in a greenhouse moist chamber for 15 hours before and 24 hours after 
treatment and incubated for two weeks in a cool greenhouse. 

1. A moderately turbid bacterial suspension was sprayed on both sur- 
faces of the leaves. Cheeks were sprayed with sterile water. 

2, The bacterial suspension, with 300-mesh carborundum added, was 
sprayed on both surfaces of the leaves. Checks were sprayed with a sterile 
carborundum suspension. 
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3. A xV diliitiori of the suspension used in treatment 1 was sprayed 
against leaves with sufficient force to watersoak small regions of leaf tissue. 
Checks were sprayed similarly with sterile water., 

4. Needles were dipped in a moistened agar culture and used to stipple 
leaves. Cheeks were stippled with sterile needles. 

5. Needles were dipped in a moistened agar culture and drawn across 
leaves with light pressure insufficient to cause obvious wounds. Checks were 
similarly scratched with sterile needles. 

6. Leaves were rubbed with a cotton pad moistened with the bacterial 
suspension used in treatment 1. Check leaves were rubbed with a cotton pad 
moistened with sterile water. 


TABLE 1. — -Effectiveness of different nietJiod» of inoculating leaves of golden cur- 
rant with JPseudomonas ribicola in the greenhouse at Cheyennej Wyoming, March, 1944 



Plants 

treated, 

excepting 

checks 

Spots 

on 

Visible 

Comparison with 
natural infection 


Young 

leaves 

Mature 

leaves 

injury 
on checks 

1. 

' Niiniher 
S^jray 3 

Bare 

None 

None 

Spots typical 

2. 

Spray, car- 3 

Moderate 

Bare 

do 

do 

3. 

borundunx 

Forced spray 3 

Abundant 

Abundant 

do 

Severe killing of large 

4. 

Needle 3 

! 

i 

On 75 per 

^ i ! 1 / i-M: ' 

Oil 10 per 

Holes 

areas and extreme 
distortion rarely 
seen in natural 
infections 

Similar holes rare in 

5. 

puncture 

Needle 3 

cent of 
punctures 
On 75 per 

cent of 
punctures 
On 10 per ’ 

■ i . 

Scratches, 

spots resulting from 
natural infections 
Similar mechanical in- 


scratch 

cent of 

cent of 

distortion 

jury not abundant 

6. 

Cotton swab 5 

scratches 

Moderate 

scratches 

None 

None 

in natural infections 
Spots typical 

7. 

Carborundum 5 

Abundant 

Bare 

Slight 

Spots typical. Com- 


dust and 
cotton swab 



decks 

parable flecks would 
probably be over- 


looLed. in natural in- 
fections 


7. Leaves were dusted with 300-mesh carborundum and rubbed with a 
cotton pad moistened with the bacterial suspension used in treatment 1. 
Cheek leaves were dusted with carborundum and rubbed with a cotton pad 
moistened with sterile water. 

The data on infection and mechanical injury, together with comments 
on comparisons with natural infections are presented in table 1 and hgure 1. 
It is apparent that Pseudomonas riMcola is a wound parasite and rarely 
enters currant leaves through stomata. The best of these seven techniques 
of inoculation was that in which leaves were dusted with carborundum and 
rubbed with a pad moistened with a suspension of the bacteria. Other 
methods either resulted in few foci of infection or caused injury not com- 
parable to injury observed in naturally infected currants in the field. 
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DISCUSSION 

The abundant infections that resulted from applications of suspensions 
of Pseudomonas ribicola to wounds in leaves of Bihes aureum demonstrated 
that this bacterium is the pathogen associated with a necrotic spot disease 
of the golden currant. The general failure to obtain infections in leaves 
on plants kept in moist chambers and sprayed with suspensions of this 
organism indicated that the bacterium is a wound parasite and usually does 
not enter leaves through stomata. Observations on the abundance and ap- 
pearance of infections that resulted from applications of suspensions by 
different methods, together with observations on natural infections and the 
weather, indicated that Ps. rihieola is a wound parasite which usually enters 
currants through minute wounds caused by wind-driven sand and sleet and 
buffeting of plant organs against each other in the wund. 

The abundant typical infections by Pseudomonas rihieola in currant 
leaves obtained with 2 inoculation techniques, new or little described for use 
with bacterial plant pathogens, suggest that these methods may have value 
in studies on other bacterial diseases of plants. The techniques are (1) 
application of bacterial suspensions with lacquer brushes or other kinds that 
have moderately stiff bristles, and (2) application of bacterial suspensions 
with cotton or cloth pads to leaves or other organs dusted with carborundum 
(Rawlins and Tompkins’ carborundum technique for virus inoculation). 
These techniques have other characteristics that suggest their probable util- 
ity in plant breeding programs concerned with resistance to diseases caused 
by bacteria and fungi. Inoculations can be made with comparative ease 
and rapidity and the symptoms, at least those of bacterial spot of currant, 
are comparable to symptoms that result from natural infections. Numerous 
infections result when these techniques are used on plants placed on open 
greenhouse benches, without the use of moist chambers. These results 
suggest that ingress of bacteria into susceptible tissues occurs at the time 
of inoculation. This agrees wnth the observations by Holmes (4) on pad in- 
oculations with viruliferous plant extracts. If this is true, the brush and 
the carborundum techniques may have value in large-scale inoculation ex- 
periments with plant i^athogenic bacteria and fungi, especially those de- 
pendent on wounds for ingress. They should be particularly useful with 
hosts that have hard, thickly cutinized leaves, and in field inoculations where 
control of relative humidity is difficult. 

A sample of 600-mesb carborundum wus unsatisfactory in these experi- 
ments, while a sample of 300-niesh carborundum yielded excellent results. 
Microscopic examination revealed few angular particles in the 600-mesh 
sample; most of the particles were smooth and nearly spherical. The 300- 
mesh sample consisted nearly entirely of angular, sharp-edged particles with 
dimensions varying from 5 to 20 microns. These data and the discussion 
of carborundum samples by Rawlins and Tompkins (10) indicate that one 
should be able to predict the value of a sample for use in inoculation work 
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I by iiiieroscopical examination. Although ioO-mesh dust was used in all 

I experiments reported here, other sizes may be found more satisfactory for 

i use with hosts other than currant. . 

1 ^ The atypical symptoms caused by watersoaking leaf tissue with bacterial 

suspensions was further indicated in experiments with other plants. 
Regions of leaves of tomato, raspberry, and strawberry watersoaked by 
forced spraying with suspensions of ’Pseudomonas ribieola isrexe killed 

I within 3 to 5 days although sterile water similarly forced into them caused 

little or no injury. Repeated inoculations by other methods, including the 
carborundum dust and cotton pad technique, failed to yield infection in 
I these plants. Apparently, necrosis following forced spray applications 

; severe enough to cause saturation of leaf tissues with bacterial suspensions 

j is not a reliable test of pathogenicity. This does not apply, of course, to 

i| the spray method in which leaves are watersoaked with sterile water before 

I application of bacterial suspensions to the surface. Leaf tissues usually are 

j little injured by watersoaking with sterile water, although occasionally in- 

jury has occurred in tomato leaves so treated. The results obtained "with 
i forced sprays on immune plants indicate that the use of sterile water as a 

1 check for inoculations with bacterial suspensions may not be a reliable check. 

' It would seem advisable to use suspensions of killed bacteria or suspensions 

of other species of bacteria not pathogenic to the host as checks in critical 
I studies on parasitism. 

I SUMMARY 

I Methods of inoculation generally recommended for use with bacterial 

j plant pathogens resulted in little infection hy Pseudomonas ribicola in eur- 

j rant leaves or in symptoms unlike those resulting from natural infections. 

I Inoculations with moderately stiff brushes and with cotton pads rubbed on 

j leaves dusted with 300-mesh carborundum yielded abundant infections 

3 which produced symptoms comparable to those resulting from natural in- 

I fections. Intermediate numbers of infections resulted from spray applica- 

I tions of bacterial suspensions on carborundum-dusted leaves. These results, 
together with observations on natural infections and the weather, indicated 
that Pseudomonas ri’bicala is a wound parasite which naturally enters cur- 
rant leaves through minute wounds caused by buffeting of leaves against 
; other leaves and branches in the wind and by wind-driven sand and sleet. 

The probable value of these techniques in x)rograms on breeding crop 
plants for disease-resistance is suggested. The brush and the carborundum 
dust and cotton pad techniques should prove sueeessfiil with bacteria that 
usually invade hosts through minute ’wounds, especially with hosts that 
have hard, thickly cutinized surfaces. 

Horticultural Field Station, 

Cheyenne, WYOMiNa, 

U, S. Department OF Agriculture. 
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INFECTION EXPERIMENTS WITH DETACHED WATER- 
CONGESTED LEAVES^ 

James Johnson 
(Accepted for publication August 3, 1945) 

The relation of water congestion (4) in plant tissues to disease pre- 
disposition and to varietal susceptibility is being investigated through a 
number of different means in this laboratory. One of the more simple 
and promising methods of study has involved the use of detached leaves 
of plants treated in various manners before, during, and after inoculation 
with a variety of parasitic and saprophytic organisms, viruses, toxins, 
chemicals, and inert substances such as India ink and dyes. The use of 
detached leaves for infection experiments is not new, but in combination 
with prior water congestion introduces additional highly favorable con- 
ditions for infection. The detached-leaf method permits ready comparisons 
of tests under a fairly uniform set of conditions which are not otherwise 
easily obtained or maintained. A number of tests, for example, may be 
conducted on a single leaf when using such large leaves as those of tobacco. 
Only a brief summary of the results of these studies need be presented to 
suggest its applicability to further studies and to show the important rela- 
tionship of water congestion in leaf tissues to the mechanism of infection 
and the further development of disease. Earlier papers from this laboratory 
have dealt with some of the more general aspects of the subject (3). The 
problem is related to, but not identical with, the more freqixently recognized 
phenomenon of storm water-soaking^^ as described by Clayton (1). 

materials AND METHODS 

Detached, disease-free leaves of many plants, including tobacco, may 
be maintained in approximately normal condition in covered containers for 
periods of 6 to 12 days at room temperatures. Using sterilized refrigerator 
pans (12 X 7 x 4 inches) for large individual leaves and for different treat- 
ments, fairly satisfactory conditions for infection on such living tissue cul- 
tures may be obtained. The absence of light and the high humidity provided 
by moistened, paper toweling on the bottom of the pan seem to favor the 
prolongation of the life of the detached leaf while at the same time providing 
suitable conditions for disease development. Removing the covers momen- 
tarily 2 or 3 times daily supplies sufficient aeration. Water-congested leaves 
decline faster than uncongested leaves, but the congestion need not be 
allowed to continue for more than 18“24 hours at the maximum, Tobacco 
leaves appear to be well adapted to this technique ; whereas potato leaves, 
for example, apparently do not tolerate such methods of treatment. A great 

1 Approved for publieatioti by tlie Director of tbe ’Wisconsin Agricultural Experi- 
ment Station and by the Division of Tobacco Investigations, United States Department 
of Agriculture. 
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variety of plant species lias been used sufficiently to sliow adaptability over 
a wide range of hosts. 

Strains of the variety of tobacco known as Havana-Seed were used mostly 
in the present experiments. For the virus tests, the hybrid host (Nicoiiana 
tahmiim x F. gUitinosa) was used. This plant yields good local lesions within 
3 days with the ordinary tobacco-mosaic virus. 

The detached leaves were congested individually by applying high water 
pressure to the cut end of the leaf midrib or petiole in equipment as pre- 
viously described (3). Each leaf usually required 5 to 30 minutes’ treat- 
ment under crater pressure to effect water congestion of one-half or more of 
the leaf area (Pig. 1, C, D). The congestion may disappear after 1 to 3 
hours of drying or it may be maintained up to 24 hours in the containers 
without seidousl^r affecting the subsequent condition of the leaf. The time 
that the water congestion is allowed to remain in the leaf may be regarded 
as the inenbation period, although it may often overlap with both long 
penetration periods or short periods required for disease development. 

The inoculum used iu most of the trials was a beef -broth-peptone suspen- 
sion of the tobacco wildfire organism [Phytomanas {Bacterium) tdbaci (Wolf 
and Poster) Bergey ei al,]. One advantage of using this organism was its 
ability to produce a typical toxin in culture, which could easily be studied 
separately by merely killing the bacteria in the culture by sterilization, 
leaving the toxin active. When a culture of the wildfire organism is used 
at high concentrations (below approximately 1 to 100), it may be difficult 
to distinguish between the effect of the toxin and that of the organism. The 
blackfire organism [Phytomonas (Bacternm) angulaia (Promme and Mur- 
ray) Bergley et al,] provided a closely related bacterial parasite lacking 
appreciable amounts of toxin, although the wildfire organism can also be 
freed from the toxin by special methods. 

Several fungi have been used in the trials including normal saprophytes 
such as Aspergilhis niger v. Tiegh. and Penicillium spp. Other organisms 
such as Beptoicia lycopersici Speg. and Relminthospormm sativum Pam., 
King and Bakke not parasitic on tobacco, and some typically parasitic only 
on other organs of tobacco Thielaviopsis hasicola (Berk. andBr.) Perr., 
Pythitm and Blmoctonia sp.) have been inoculated to tobacco leaves. 
Only one typical fungus parasite of tobacco leaves, namely, Cercospora 
Ell, and Ew was available for this study. 

The virus used in the studies was that of ordinary tobacco mosaic which 
produces local lesions in 2 to 3 days on detached leaves of the hybrid host 
used when properly inoculated. The inert substances used most frequently 
have been India ink, which may be regarded as of a particulate size roughly 
comparable to bacteria, and water-soluble dyes such as rose bengal, which 
is of only molecular size as regards the orifices through which it will pass. 
Eosin and safraiiin have also been used with good results. 


These various materials or inoenla may be applied in various ways such 
as by droplets, immersion in baths, by wiping methods, or by atomizing with 
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varying forces, and in the presence or absence of different kinds of wounds 
or positions of stomatal openings. The inoculum may be largely or entirely 
removed from the leaf surface with running water at any desired time fol- 
lowing application, thus in some measure regulating the period of penetra- 
tion allowed. This has been usually less than 3 minutes (immediate), 1 to 3 
hours (slow), and 18-24 hours (very slow). In the case of the organisms, a 
continued environment favorable for visible expressions of infection and 
disease were maintained in the refrigerator-pan moist chamber. A consider- 
able part of the experiments dealt with the period that the water-congested 
leaves were allowed to remain congested following inoculation, but these 
results, although showing striking influences on the severity of disease, are 
not pertinent to penetration or original infection. 

EXPERIMENTAL results 

A considerable variety of combinations of conditions were usually com- 
pared in each individual experiment, which does not permit a convenient 
and detailed summarization of an extensive amount of data. For present 
purposes, it appears sufficient to present a summary of the typical results 
(Table 1). Since all the conditions of the individual trials, in some eases, 
cannot be constantly controlled (i.e., stomatal position), exceptions to the 
results presented may be expected in efforts at close replication in some 
groupings. Considerable variation may be expected, especially between 
unwounded greenhouse-grown and outdoor-grown leaves. The location of 
the more irregular or variable behavior is indicated in the table. 

Behavior of Normal Leaves 

Considering the data largely from the point of view of water congestion 
in the leaf tissue and the possible avenues of penetration by various sub- 
istances including different types of organisms, the results with normal 
(uneongested or control) leaves may be presented first. The normal or 
control leaves were in all cases tested simultaneously with the other forms 
cf treatment and, except for such treatments, the conditions for penetration, 
infection, or disease development were approximately identical. 

Eeference to table 1 shows that none of the substances or organisms 
used appreciably penetrated uneongested leaves or caused infection. Geroo- 
:spora nicotianae yielded some signs of infection in a small percentage of 
inoculations after prolonged incubation periods. If droplets of inoculum 
•are allowed to remain on the leaf for extended periods, it is possible that 
minute amounts of water may enter the substomatal chambers, thus pro- 
moting penetration. Although water and dye evidently do not enter from 
•surface droplets on iincongested leaves, the immersion of normal leaves 
'Occasionally favors congestion and penetration of substances, thus suggest- 
ing a very delicate balance in pressures. In any case, the infection tubes 
‘Of fungi may presumably penetrate the stomata through their own efforts 
in the absence of water congestion, which the bacteria are evidently unable 
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to do. It is probable, however, that this form of fungus penetration is 
so slow and uncertain that infection is rare or, if it oeeure, the injury- 
may be small. 

When a normal leaf is wounded, however, a new set of conditions 
arises and very different results are secured (Table 1). This is partly 
due to the removal of the epidermal barrier to penetration and partly to 
the congestion of the intercellular spaces adjacent to the wound. Even 
if surface water* is not pi’esent on the wound, the cell sap released by 
wounding is often sufScient to cause congestion. When droplets of water- 
soluble, nontoxie dye or India ink are placed on needle-prick wounds, these 


TABLE 1.— Typical results on penetration and infection^ of detached tolacoo leaves 
treated in various ways with regard to type of water congestion and of woundino and 
smseqmntly maintained in moist chambers for several days 


Material or inoculum 
applied 


N 0 water c oimestion Ii^terual w^ater W ater congestion 
congesti on by atomizing 

N'o Needle Wiiniigb Ko Needle qv -ua tv. a- 
wounds wounds wounds wounds wounds Distinct^ 


Dye (rose bengal) 0 

India ink 0 

Viruse (tobacco mosaic) 0 

Toxin (from B. tahacum)... 0 

Bacteria (JB. angulatum) 0 

Pimgus (C. niootianae) 1,7^9 

Bungus (1\ hasicola) 0 


3,7,4 2,7,4 

3.7.4 1,7,4, 9 

3.7.9 3,6,7 

3.7.5 2,7,5 

3,4 0 

2.7.9 0 

2,7,9 0 


2. 8.4. 9 3,8,4 

1. 8.4.9 3,8,4 

2.4.9 3,7,9 

2. 6. 8. 9 3, 5, 6, 8 

1. 6.8.9 3,6,8 

1.5. 6. 9 2, 5, 6,8 

1.6.9 2,6,8 


2.4.9 3,8,4 

1.4.9 3,8,4 

2.4.9 3,4,9 

2.5.9 3,6,8 

1.6. 7. 9 3,6,8 

1,5,7 2, 5, 6, 8 

0 2,6,8 


aO, No penetration. ~ 

1, Yery slow penetration (18-24 lirs.). 

2, Slow penetration ( 1-3 lirs. ) . 

3, Immediate penetration (1-3 min.). 

4, No further progress. 

5, Chlorosis. 

6, Necrosis. 

7, Small area or incipient infection. 

8, Large area or heavily diseased. 

bWith clotrand‘SoruXm.“^ stomatal openings, degree of wounding, etc. 

c No visible permanent injury to cuticle. 

a Some lasting injury to cuticle on uninoculated area, 
e On hybrid host. 


mert subetanees enter the congested area at once, as do bacteria or other 
particles of sufficiently small size to enter the intercellular spaces (Pig. 
N.’ mycelium may become only lodged in the wound 

itsef, hut inf ectaon tubes may subsequently enter the congested area if the 
condition is maintained for a sufficient time to permit their growth. The 
further progress of wound infections may naturally he checked quickly in 
leaves if the water supply in the area is lowered to normal amounts, or 
below, by evaporation. Frequently, little or no progress is made even by 
vuulent parasites m wounded areas of otherwise uueongested leaves main- 
tained under favorable environment for disease. In the instance of organ- 
Mms producing toxins, chlorotic areas may he conspicuous in the infected 

area in the presence of very little necrosis. 
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If the normal leaf is wounded by the ‘‘wiping’’ method, as used in plant 
virus inoculation, especially in the presence of an abrasive such as car- 
borundum powder, only the plant hairs may be broken or the epidermal 
cuticle and cell walls, scratched. Water congestion does not develop in inter- 
cellular spaces, and India ink or organisms do not enter into the intercellular 
spaces. However, particles of molecular size such as dyes, toxins, and 
viruses may enter cells through the broken leaf hairs or epidermal cell 
walls, resulting in coloration, toxic action, or virus infection, respectively. 
This phenomenon is rather remarkable and unique with the tobacco-mosaic 
virus, since water from external sources apparently is not necessary for 
penetration and infection to occur. Infection has been secured with this 
virus by wiping the leaf surface with dry and aged powder made from 
mosaic-infected leaves. It seems likely, because of immediate virus pene- 
tration into slightly wounded cells, that some force similar to that in water- 
congested, intercellular spaces is concerned in this form of invasion. In- 
fection with bacteria and fungi is evidently not obtainable by the wiping 
method, although it is admittedly difficult to perform it without some injury 
which may permit invasion into intercellular spaces. 

Behavior of Internally Water-congested Tissues 

When detached leaves are artificially water congested by internal water 
pressure for experimental purposes, and inoculations made in an identical 
manner to that of the uncongested or normal leaves, more favorable condi- 
tions for penetration develop in the unwounded tissue and a highly intensi- 
fied type of result occurs adjacent to the wounded tissues. 

Penetration through the stomata! openings in the congested, unwounded 
leaves is of chief interest in relation to host predisposition and disease 
resistance. It is not certain that more stomata are open because of the 
water congestion, although it may be assumed that the stomata tend to open 
in the pi'esence of excess water in the intercellular spaces. It is readily 
demonstrable, however, that dyes, India ink, and bacterial pathogens enter 
the intercellular spaces of congested leaves through stomatal openings 
whereas little or no such entrance occurs in uncongested leaf tissues. When 
the entire congested leaf is immersed in dye or ink, it is often apparent 
nevertheless that only a small fraction of the stomata are actually pene- 
trated (Pig. 2, A and B). By the immersion method, too, it is obvious that 
the penetration is often localized in certain areas of the leaf, that it is influ- 
enced by the prior treatment or exposure of the leaf with respect to nutri- 
tion, environment, etc., also that it varies greatly with the plant species. 
Entrance of India ink through the stomata is relatively slow as compared 
to entrance through wounds; no doubt a consequence of the relatively small 
orifice through which the material must pass. 

It is of interest to note that although the virus of tobacco mosaic can 
be shown to enter the intercellular spaces for considerable distances, no 
multiplication or disease results unless some cells are only slightly wounded 
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in some such way as to permit entrance into Imng cells. The wildfire toxin 
appears, on the other hand, to enter the unwonnded cells from the intercel- 
lular spaces, resulting in gradual destruction of the chlorophyll and conse- 
quent chlorosis of the affected tissues. The action of the tobacco wildfire 
organism and certain other bacteria in the intercellular spaces is rapid 
in water-congested tissue, often producing severe necrosis and collapse of 
the tissue in 24r-36 hours (Fig. 3, D) , The signs of infection with fungi may 
be considerably slower in developing than with bacteria in congested leaf- 
tissue, possibly because invasion must be made by progressive mycelial growth 
rather than direct bodily penetration. Under some conditions with other 


Fig. 2. Stomatal penetration in internally water-congested leaves. A. Tobacco im- 
mersed in India ink. B. Morning Glory immersed in rose bengal for about 5 minutes. 

hosts and fungus parasites {e.g., HelmintJiospomm sativum on barley), 
symptoms of infection have been secured in congested leaves quite as rapidly 
as with bacterial parasites. With the fungus saprophytes used (e.g., Asper-^ 
gilhcSy Penicilliim) , infection is sloW' and uiieertain. How^ever, TJiielaviopsis 
lasicola, typically parasitic in nature on roots only, makes surprisingly good 
progress in growth on water-congested tohaeeo leaves (Fig. 3, B), The endo- 
spores of this fungus are approximately the size of bacteria, suggesting that 
these may bodily penetrate the stomata and intercellular spaces before 
germination. 

Infection with such leaf -parasitic fungi as Helminthosporhm sativum 
and Septoria ly coper sic% not known to occur on tobacco, has been more con- 
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Pig, 3. A. Water-congest 
Wounded on left, not wounded 
IHtelanopsis ha&icola. ISTeedle 
far right (no infection). 0. : 

clegrees preceding h 
psted but inoculated, (no sym- 
leaf with different treatments a 
unwounded areas are shown an^ 
a toxin-eontaining wildfire cult 


I inoculated with Cercospora nicotianae, 
H. Water'-congested leaf inoculated with 
ide, needle pricks right side, unwounded 
•congested areas produced by atomizing 
oercospora nicotianae; far right, uneom 
tion of large internally water-congested 
ateral veins. At lower left wounded and 
wound inoculations with a toxin-free and 
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spiciiotis on congested leaves than that fi^oin Bhizocionia sp, and Pythkm 

which normally occur on tobacco as stem parasites. 

In contrast to considerable Amriability in stomatal penetration of com 
gested leaves, the penetration following wounding occurs with certainty 
and regularity (Fig. 3, A). The removal of the normally present barrier 
to penetration in the epideimial layers in previously water-congested areas 
produces an unusually favorable situation for both penetration and infec- 
tion. The conditions are essentially the same as for stomatal penetration of 
congested leaves except that the relatively large orifice of the wound peimiits 
the surface water on the wound, together with suspended particles, to gush 
immediately into the surrounding intercellular spaces for distances up to a 
centimeter or more. This action places a pai*asite, when present, in a loca- 
tion comparable to that of a weak culture solution in a mieroscopie-sized 
moist chamber, thus providing for limited multiplication and growth, which 
in turn results in disease expression in the host tissues. 

In wounded-eongested tissue, special interest surrounds the force Avhieh 
causes water and suspended substances to be drawn into the intercellular 
spaces with such rapidity and consistency as to suggest a reduced pressure 
in the intercellular spaces. Actually this force can be overcome by a main- 
tained positive water pressure in the leaf of approximately the magnitude 
of guttation pressure, but there is no evidence that the inward force is of 
a true |)hysiological nature. The movement of Avater and suspensions 
through wounds is also too nearly instantaneous to be attributed to simple 
diffusion, but is more likely related to surface tensions, or other attractions 
which in turn develop quick-acting, capillary forces through the stomatal 
openings and the narroAv channels of the intercellular spaces. Almost iden- 
tical behavior can be shoAvn by touching a capillary tube containing water 
to the surface of India ink, or by connecting drops of ink and water on a 
glass slide by a narroAv channel of Avater. Entrance of solutions or sus- 
pensions into the channels of the intercellular area is not only immediate 
but it may continue for a considerable period under proper conditions, so 
that succeeding drops applied may often be observed to be slowly clraAvn into 
the orifice in the epidermis. 

Congestion ^oWi External Water Ft emir es 

In some respects there is little essential difference between internally 
produced water congestion and ^^storm water soaking’^ brought on by ex- 
ternal water pressure (1). Both forms may fill large or small areas of 
intercellular spaces with Avater (Fig. 1, B) and, while part of the storm 
water soaking results from the forcible propulsion of water through stomata 
and through the wounds produced, this condition may induce further com 
gestion by capillary force, as well, when surface water is present. The 
important difference in the two forms lies in the fact that storm-water-soaked 
areas are usually or probably Avounded, thus most likely obscuring the part 
played by stomatal penetration and natural water congestion when occur- 
ring together. 
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In the present series of experiments, we have repeatedly produced vari- 
ous degrees of water soaldng by atomizing the lower surface of detached 
leaves at a fairly constant water pressure for various lengths of time. 
Subsequent treatments with the various substances or inocula applied and 
other conditions of the test have been the same as for the controls and for 
leaves congested by internal water pressure. The degree of wounding, 
or effect on the cuticle and epidermis, may be often readily observed in 
such water-soaked, uninoeulated areas, which eventually develop a blemish 
or sheen’’ on the surface as frequently seen in field-grown crops follow- 
ing storms. The experimental irregularities and inconsistencies arise in 
efforts at producing water congestion of the external type with the minimum 
of injury to the cuticle. Leaves and parts of the same leaf vary greatly 
in the force required for the propulsion of water through stomatal openings, 
congestion occurring very easily in some instances without any visible 
evidence of surface injury. The best criterion yet found for determining 
the absence or presence of minute wounds in water-congested tissue is 
through the application of watei’-soluble dyes, such as rose bengal, to the 
treated area. If the dye enters immediately, wounds are present; if the 
dye enters slowly or not at all, the absence of wounds is indicated. When 
the atomizing is fairly heavy, yielding conspicuous, water-soaked areas 
with varying degrees of wounding of the epidermis, the results (Table 1), 
as might be expected, are almost identical with those of wounded, internally 
congested tissue (Fig, 3, B). The results from light atomizing were variable 
or irregular, probably because of the variation between no wounding and 
slight wounding. Although stomatal penetration may occur in such storm- 
water-soaked areas, there is naturally less certainty of the actual path of 
entry than in internally water-congested tissues (2). Also, there is no cer- 
tainty that the natural protective cuticle or coatings on the leaf surface 
are not altered by any force of water sufficient to cause congestion when 
applied externally. 

DISCUSSION 

A series of investigations has been undertaken in this laboratory for 
the purpose of explaining the frequently observed erratic behavior of infec- 
tion and disease. The predisposing influence of natural water congestion 
ill the tissues has previously been emphasized (4) . It was nevertheless clear 
that all water-congested tissues were not necessarily predisposed to infection, 
and that the occurrence of natural water congestion is a complex phenome- 
non involving many physiological factors in plants. 

Infection studies on detached leaves, as reported in this paper^ appeared 
to offer opportunities to test some of the more simple principles involved 
in infection. Substantially similar results have been secured on growing 
plants following natural water congestion. As the efforts progressed, how- 
ever, it soon became evident that a wide variety of more detailed studies 
on growing plants should be performed and that the results with detached 
leaves were only of preliminary nature. Among these have been, for ex- 
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ample, the important differences that exist between outdoor and giasshouse- 
grown plants with respect to predisposition to infection. It has also been 
made increasingly obvious that leaves in a normal condition possess a re- 
markable degree of protection from penetration in their epidermal coatings, 
but that this may be greatly altered by nutrition and environment and often 
eliminated by wounding. When the epidermal barriers have been pene- 
trated and the intercellular spaces invaded, infection is almost certain with 
normal parasites and is often likely 'with nontypical parasites and many 
saprophytes. 

Of special interest is the relation of water congestion to physical penetra- 
tration, the natural variability in species and varieties (3) to this phe- 
nomenon, and the behavior of stomatal or other natural openings with 
respect 'to their influence on the penetration of parasites into the water- 
congested intercellular spaces. 

summary 

The mechanism of infection in detached, artificially water-congested 
leaves of tobacco and other plants was studied in refrigerator pans used as 
moist chambers. A considerable number of different kinds of organisms 
were used including both parasitic and saprophytic bacteria and fungi as 
well as other substances such as toxins, viruses, India ink, and dyes. 

The individual leaves were congested artificially by internal water pres- 
sure followed by the application of the inocula in various ways on wounded 
and unwounded surfaces, in comparison with adequate controls. The 
treated leaves were then maintained in approximately normal condition in 
the moist chambers up to 6 to 12 days if necessary. 

Penetration did not occur through normal (Le.^ uncongested) , unwounded 
tissues. Bare exceptions occurred with certain fungi such as Gercospora 
nicotianae hut only after prolonged periods of incubation. Stomatal pene- 
tration frequently occurs through unwounded, water-congested tissues with- 
out the intervention of any injury to the cuticle or any exterior propulsion 
of the inoculum. Bodily penetration through the stomatal openings is 
dependent upon the presence of congestive water and leaf -surf ace water, 
with particles of sufficiently small size to pasS’ through the openings. The 
mechanism involved is the establishment of a capillary force through the 
formation of a channel of w’^ater bet'ween leaf -surf ace water and the con- 
gestive water through which solutions or suspensions are transported. 

Penetration in wounded plant tissues is usually immediate ; and, when 
the leaf is also water congested, bacterial parasites in particular may be 
carried for considerable distances into the adjacent intercellular areas. In 
this location, the parasites find sufficient moisture and nutrients to multi- 
ply and hence cause disease in varying degrees depending in part upon the 
amount and period of water congestion in the tissues. Natural barriers 
to infection are destroyed by wounding and hence natural variations in 
resistance to disease may be impaired. 
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These observations permit a better understanding of modified predispo- 
sition of plants to infection, and of the natural varietal variation in re- 
sistance of plants to disease. 

Wisconsin Agricultural Experiment Station 
AND Division OP Tobacco Investigations, 

United States Department op Agriculture. 
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PHYTOPATHOLOGICAL NOTES 

The Relationship between American Tolacco Streak and Brazilian 
Necrose Branca’^ or ‘[CoiiveJ^ — A virus disease resembling the American 
tobacco streak^ was described from Sao Paulo, Brazil, under the names 
''necrose branea’’ (white necrosis) and "couve'’ (cabbage-leaved tobacco).^ 
It was pointed out that the necrotic symptoms of this disease and the physi- 
cal properties of the causal virus were similar to those of the American dis- 
ease, but unlike tobacco streak, the necrotic symptoms were followed by 
incomplete recovery, and at this stage the affected plants showed leaf modi- 
fications (such as stiffness, narrowing, petiolated leaves in the case of sessile 
varieties, etc.), flowers sometimes with petals partly separated and the con- 
stant presence of a filament-like appendage at the extremity of each petal. 


1. A. ^’lowers from a plant a:ffiected by tobacco streak. Normal flower on 
right. Variety Turkish. (Photograph by J. A. Carlile.) B. Flowers from a plant 
affected by the Brazilian disease. Normal flower on right. Variety Bright Virginia. 

During the writer’s stay at the Kockefeller Institute for Medical Re- 
search, Princeton, N. J., in 1943, an attempt was made to prepare an anti- 
serum to tobacco streak virus; this antiserum was to be taken to Brazil in 
order to test the serological relationship between the American and the Bra- 
zilian viruses, as the introduction of foreign diseased plant material for com- 
parative studies was deemed inadvisable. Unfortunately, no active anti- 
serum was produced and the relationship of the two viruses could not be 
tested by this method. 

In the course of these studies it was noticed that plants of the Turkish 

1 Johnson, J. Tobacco streak, a virus disease. Phytopath. 26: 286-292. 1936. 

2 0osta, A. S., A. E, Lima, and E. Forster. Necrose branca— uma mol^stia de virus 
do fumo (NicoUana tabaeum L.) e ''Fumo couve^’ eomo sxntoma tardio. Jornal de 
AgronomiaS; 1-26. 1940, 
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variety affected by tobacco streak had one characteristic feature of the Bra- 
zilian disease, hitherto not described in connection with the former : petals 
ending in a fflamentdike appendage. Figures 1, A, and 1, B, show this inter-, 
esting symptom which furnishes additional evidence of relationship between 
the American and Brazilian viruses.— A. S. Costa, Department of Genetics, 
Institnto Agroiiomieo de Campinas, Sao Paulo, Brazil. 

Agar Medkm and Technique for Isolating Pythium Free of Bacteria . — 
Isolation of PijtMum from gnayule seedlings (Parthenium argentatnm 
Gray) affected with damping-off and seedling root rot by usual laboratory 
methods was generally unsatisfactory. The isolates when obtained in cul- 
ture were usually contaminated with bacteria and the common practice of 
acidifying the agar medium to separate the fungus from the bacteria was 
never too satisfactory. In the course of investigational work on damping-off 
of gnayule, a special agar medium and a technique was developed which 
facilitated the isolation of bacteria-free Pythium from diseased plants and 
from the soil. The method was particularly effective in isolating Pythium 
uUimum Trow*, which has been reported^ as causing damping-off and a root 
rot of gua3mle. 

This method has the advantage of yielding isolates of Pythium free of 
bacterial contamination from nonsuiffaee-sterilized material. It also pro- 
vides a simple and useful method of separating bacteria from Pythium and 
other fungi in bacterial contaminated cultures. 

The formula for the agar medium is as follows *. 

Dextrose 

Ammonium acid phosphate (NH4H2PO4) 

Potassium nitrate (KNO3) 

Magnesium sulphate (MgS04) 

Agar 

‘ Water, distilled 

The agar and dextrose were dissolved in 800 ce. of water by heating in a 
double boiler or autoclave. The other materials Avere dissolved in 200 cc. of 
water and added to the thoroughly dissolved agar and dextrose and auto- 
claved for 15 minutes at 15 pounds pressure. The usual procedure was to 
autoclave 1000 ec. of medium in three 500-ce. Erlenmeyer flasks. Each flask 
contained approximately 333 cc. of medium, and immediately after auto- 
claving the hot liquid medium was poured into sterile Petri dishes. How- 
ever, the sterilized agar medium was occasionally stored in a refrigerator for 
several days or weeks. Liquefying the medium a second time by heating in 
a water bath did not adversely affect its qualities. The agar medium had a 
reaction of from pH 5,0 to 5.5. 

The solidified agar medium, Avhieh Avas about 5 mm. thick in Petri dishes 
(9 cm. in diameter), was divided into 4 equal quarters with a small sterilized 

^Campbell, W A., and Bailey Bleetli. A root rot of guayule caused by Bytlivum 
uUimm, Phytopatb. 35; 630-639. 1945. 


10 g. 
2 g. 

1 g- 
1 g- 
25 g. 

1000 cc. 
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metal spatula or wide scalpel. A small bit of inoculum consisting of dis- 
eased plant tissue or soil was placed in the center of each quarter section. 
Sometimes, as a matter of convenience, the inoculum was placed on the agar 
before the agar was quartered. Three of the sections were carefully lifted 
out of the Petri dish by means of a small sterilized flexible metal spatula and 
placed inverted in separate sterile Petri dishes. This part of the process was 
similar to that used in turning a pancake. The 4th or remaining section was 
inverted in the original Petri dish. A certain amount of care had to be exer- 
cised in inverting and placing the inoculated section of agar medium so that 
the inoculum would be completely covered with the agar block. An effort 
was made to create a seal around the inoculum by having the edges of the 
agar block come in contact with the bottom of the Petri dish. 

If PytMum were present in the original inoculum, scattered hyphae grew 
through the agar block and reached the upper surface within 24 hours at 
laboratory temperature. If other slower growing fungi were present in the 
plated inoculum, hyphae of Pythium were the first to appear on the surface 
so that hyphal tip transfers usually resulted in pure cultures. When reiso- 
lations were made from infected seedlings in pathogenicity tests, it was not 
unusual to obtain bacteria-free Pythiimi in over 90 per cent of the attempts. 



The growth of bacteria was inhibited while Pt/t/imm and other fungi grew 
well on the special agar medium. Cultures of contaminated with 

bacteria were readily freed of bacteria by the same method. 

In order to secure the best results, the agar sections should be fairly thick 
and the agar medium of sufficient hardness to permit lifting the sections 
without breaking. Since the quality of agar-agar varies, the amount in the 
formula may need to be varied accordingly in order to obtain the desired con- 
sistency of the agar medium. — Bailey Sleeth, Special Guayule Research 
Project, Bureau of Plant Industry, Soils and Agricultural Engineering, 
United States Department of Agriculture, Salinas, California. 
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ANNOUNCEMENT 

AMERICAN PHYTOPATHOLOOICAL SOCIETY 
Annual Meeiing 

The American Phytopathological Society will meet with the American 
Association for the Advancement of Science in St. Louis, Missouri, March 
27-30, 1946. The headquarters hotel for the Society will he announced in 
the January issue of Phytopathology. 

Members wishing to read papers or to give demonstrations should submit 
triplicate abstracts, not exceeding two hundred words, to the Office of the 
Secretary before January 25, 1946. The time required for reading papers, 
not to exceed fifteen minutes, projection appax^atus needed, and section pref- 
erence should accompany the abstract. Absti^acts of demonstrations should 
state the floor and wall space required as well as the electrical and other 
equipment needed. 
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EERATA, VOLUME 34 

Page 143, line 1, read Tilletia tnmefaciens was founded by Sydow (See 5) 
/tir Tilletia tumefaciens Sydow 

Page 14S, add to literature cited, 5. Sydow, H. and P., and E. J. Butler. 
Fungi Indiae Orientalis. Pars IV. Ann. Mj^col. Berl. 10: 244r~280. 
1912 


EEEATA, VOLUME 35 

Number 2, Table of Contents, read H. E. Eosen for H. Eoseii 
Page 119, item 9 in literature cited, read Eoot defects and fungi /or Eoot 
defects 

Page 129, line 4, read presumably for presumbaly 

Page 187, line 5, f Eomania /or Eoumaiiia 

Page 239, item 3 in literature cited, read 1919 /or 1939 

Page 315, item 7 in literature cited, read 1945 for 1944 

Page 340, line 41, read Tong-kin /or Tungkin 

Page 341, line 14, read D. C. Edwards for E. J. Edwards 

Page 545, line 16, read In 1941 tbe percentage for In 1939 the percentage 

Page 558, line 27 and Table 3, Col. 4, line 2, read 2%, 2 for 19.7 

Page 743, line 2, read Pellicular ia for Pellicullaria 

Page 767, line 17, read X217 /or X216 



